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DIAGNOSIS OF CONDITIONING NEEDS
Howard C. Potts

1!

What is the first step to the solution of a problem? Everyone
should agree that the answer to this question is: recognition that a
problem exists.
In the seed business, recognition that a problem exists is not as
difficult as in some other industries since there are many people ready
to tell us when we have a problem. Is there a seedsman who has never
had a customer complain about the quality or performance of the seed he
or she purchased? I don't know of any. In the seed industry, \'Je even
have professional problem identifiers. We call them seed control
officials, or often other names when a stop sale or similar notice of
violation is received in the morning mail.
Assistance in problem recognition is not limited only to the
commercial operations of the seed industry. Seed control and certification officials are constantly reminded that they don't know what the
h--- they are doing. Indeed those of us in the academic community are
frequently informed that: the problem with you guys is that you (a)
spend too much time overseas, (b) don't know what's going on in the
"real" world, (c) are not conducting research concerning the right
problems, or (d) don't give your students the proper training, etc.
In short, all of us probably have more than enough assistance in
problem recognition. However, it is not often that those who quickly
recognize our problems follow through with a comprehensive analysis of
the cause or nature of the problem identified and then offer a workable
solution to our problem. We can say - the problem with a problem is a
problem.
Specifically, the purpose of this presentation is to identify some
of the ways in which we can diagnose potential problems associated with
conditioning seed and then arrive at a workable solution based upon this
diagnosis. Keep in mind the information in this paper will not solve
your problems. At best, the ideas presented will assist~ in the
diagnosis of your conditioning needs which will in turn permit~ to
reduce the chances of the problem occurring.

1J

Dr. Potts is with the STL, MSU.
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~·Jhat is seed conditioning?
In the broad sense, it encompasses all
of the activities involved in preparation of the harvested seed lot for
marketing and planting. Specifically, conditioning a lot of seed may
include drying, pre-cleaning preparation, cleaning, up-grading, size
grading, treating and/or packaging.

We could develop a long list of reasons for conditioning seed but
the most important reason is to increase sales volume and/or price.
Unfortunately for those involved in conditioning operations, perfect
conditioning of a seed lot doesn't directly assure increased sales. · As
with most other products from automobiles to video games, most seed
lots are conditioned to meet the competition, not to beat the competition. Meeting, not beating, the competition is an economically
rational managerial decision for nearly all organizations. The marketing
or sales manager, as influenced by the competition and consumers, has
the major role in establishing both the maximum and minimum quality
levels of the seed to be sold.
On the one side, seed conditioners are constantly pressured to
increase or maintain minimum quality levels set by quality control,
certification and regulatory personnel. On the other side, management
indicates that cleaning seed to 99% purity when only 98% purity is
required is the same as giving away 1% of the gross sale price, which is
often 10% or more of the net profit. Not too many conditioning plant
managers have a salary equal to 1% of the company's gross sales.
It is not a great compliment to say that you have the capability to
be a conditioning plant manager since nearly anyone can have this title.
The real compliment is to say that you have the ability to manage a seed
conditioning plant. Conditioning Manager is a title; managing a seed
conditioning plant is an occupation. In some companies there is a great
difference between the title and occupation but in successful companies
they are the same.
Why do we condition seed?
major reasons:

From a technical viewpoint there are six

a.

Remove inert matter, weed seed, other crop seed, undersized
and damaged seed.

b.

Improve the appearance and physiological quality of the seed lot.

c.

Facilitate mechanical planting.

d.

Increase the storage life (clean dry seed store better).

e.

Apply pesticides.

f.

Increase marketability (higher quality seed in an attractive
package).
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f•1ost of us have heard the expression, 11 this is a problem lot 11 ,
used at one time or another. Usually this phrase is based upon ignorance. All combine run seed lots are problem lots until they meet
someone's quality standards. The conditioning of some lots requires
a higher level of knowledge concerning the use of the people, equipment and money available than others. Thus, you may say to your boss,
11 I have a problem lot 11 ,
but he may actually hear, 11 I don't know enough
to condition this lot to make it saleable. 11
Don't develop the impression that every lot of seed can or should
be conditioned to a level that will make it marketable. We all know
better. Over time, every seed conditioner encounters a lot that
cannot meet anyone's standards no matter how knowledgable or talented
he may be concerning seed conditioning. In such instances, the 11 problem 11
is not how to condition the seed, but what to do with a seed lot
that cannot be conditioned to a marketable level and then making the
decision before the seed are conditioned. As Conditioning Manager you
are responsible for making the decision: to condition ~r not to condition, that is the question your diagnosis must answer . The difference
between 1000 bushels of 11 junk seed 11 which belong to a producer and the
resulting 800 bags of 11 Cleaned junk seed 11 now owned by your comapny is
likely to be your job.
In all seed conditioning operations, the ability to meet the
desired quality standards is affected by four factors: (a) the equipment available, (b) the arrangement of the equipment within the plant,
(c) the operator's skill in adjustment and operation of the equipment,
and (d) the operator's knowledge of the seed lot's characteri stics.
Note, the first two of these four factors were fixed when the conditioning plant was built or remodeled. As a result, operational skills
and knowledge of the seed lot's characteristics are the only two variables immediately available to conditioning plant managers or the
management by which they can control seed quality. These are the human
variables.
Let's now consider some of procedures and techniques that have
proven effective in diagnosis of conditioning needs.
The Pre-Conditioning Diagnosis
If you believe the old adage, 11 If you've seen one, you've seen them
all 11 , please stay away from the conditioning plant. There are no two
seed lots exactly alike. A representative sample of every truck load
and/or lot of seed to be conditioned should be examined before it enters
the conditioning plant. We refer to any and all evaluations made of a
seed lot after it is harvested, but before cleaning, as pre-conditioning
diagnosis.
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PRE-CONDITIONING DIAGNOSIS

*DETERMINE SEED MOISTURE
*DIFFERENCES IN PHYSICAL
PROPERTIES OF GOOD SEED
AND CONTAMINANTS
IN PHYSICAL PROPERTIES
OF GOOD SEED

·~vARIATION

*RATE OF OCCURRENCE OF BAD
CONTAMINANTS

*FLOW CHARACTERISTICS OF SEED MASS
*NEED FOR SPECIAL TREATMENT
BEFORE CONDITIONING
*TYPES OF SEED DAMAGE
*HOMOGENITY OF SEED LOT

/
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The purpose of the pre-conditioning diagnosis is two-fold: (a) to
determine whether the seed lot should be conditioned, and if so, (b) to
determine the separable components and special requirements for proper
conditioning of the seed lot.
In diagnosing seed conditioning needs, there are at least eight
separate factors for which the conditioning manager must make a determination. These are:

\

a.

Seed moisture content.

b.

Basic differences in physical characteristics of the seed
and contaminating materials.

c.

Variation in the physical characteristics of the good
seed.

d.

Frequency of occurrence of contaminants, especially the
most undesirable ones.

e.

Flow characteristics of the seed mass.

f.

Need for special pre-cleaning conditioning.

g.

Damaged seed.

h.

Lot homogenity.

-The order in which these factors are presented is not significant.
Further, the relative importance of each factor depends upon the seed
kind, the environment under which the seed were produced, and the
quality standards which must be met.
Let•s consider each of these factors and the techniques used in the
diagnosis.
Moisture Content: Everyone should be aware of the importance of
seed moisture content as it relates both to the keeping qualities of
seed and susceptibility to mechanical injury during handling. Most corn
and rice seed are harvested at high moisture contents and must be dried
within hours after harvest. But how long to dry and at what air temperature and R.H. is dependent primarily upon the seed moisture content.
Seeds of agronomic crops should generally be at less than 14%moisture
before the seed cleaning operations are initiated.
Except for seed very high (above 28%) or very low (below 8%) in
moisture content, an array of moisture testers are available with which
this determination can be made quickly and accurately. In spite of the
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importance of seed moisture content, many seedsmen never determine
moisture content after the harvest rush begins. Except on the first
roll, 7 is craps.
Differences in Physical Characteristics: A mechanical separation
of good seed from its contaminants is possible only when there are
mechanically distinguishable differences in one or more physical
characteristics of the good seed and the contaminants. What is a
mechanically distinguishable difference? The answer depends primarily
upon the machines available and the operator•s skill in running them.
The effectiveness of a separation is related to the consistency of the
difference and the feed rate.
There are eight primary physical characteristics by which mechanical separations can be effected. These are: gross size, length,
width, thickness, shape, surface texture, weight (density), and color.
Differences in electrical charge are useful in making some separations.
Every seed and particle of contaminating material in a seed lot possesses all of these physical characteristics; therefore, it is the
differences which make them separable.
Contaminants which have physical characteristics similar to those
of good seed are of greatest concern. When examining the seed lot,
particular emphasis must be placed on determining the presence of
contaminants such as noxious weed seed, nematode galls, etc., which
could cause the seed to be unusable even though the mechanical purity
exceeds 99%. Seed of common weeds, other crops or varieties, damaged
seed, and inert matter similar in physical characteristics to those of
the good seed, are of descending importance in most seed lots.
Determination of the basic physical differences by which a particular separation can most effectively be made requires: a knowledge of
the specific physical characteristics of the good seed and other contaminating materials. This requires at least a visual examination of
the seed lot to be conditioned. Failure to make a visual diagnosis of
every lot which enters the conditioning plant is an open invitation to
the umemployment line.
Ideally, the conditioning manager will have an opportunity to
test 11 clean each lot of seed with hand screens and model equipment.
This permits a precise diagnosis concerning what contaminants can and
cannot be separated and an estimate of the clean seed loss required to
remove the contaminating materials. The results of a standard purity
analysis do not provide the needed information for determining physical
differences among the good seed and contaminants.
11
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At the m1n1mum, a representative sample should be spread on a welllighted floor or a desk top and examined to determine specific physical
differences. Visual examination is not effective for determining minor
differences in length, width, thickness, shape or surface texture and of
very little value for determining differences in seed density.
Variation in Size of the Good Seed: This is one factor frequently
overlooked when examining seed prior to conditioning. Research conducted in 1975 showed that the smallest seed in a lot are of little
value for reproductive purposes. On the other hand, the research indicated that the exceptionally large seed, although nice in appearance,
are also usually not the most desirable for reproductive purposes.
Therefore, in seed, what we really want are those large enough to perform their function, but small enough to avoid problems due to their
small size, i.e., immaturity.
For most crops, the better the environmental conditions for seed
production, the more uniform the seed size. For all species, the more
uniform the seed size, the easier the seed are to clean. Experienced
conditioners know that different varieties of the same species often
differ significantly in average seed size and they adjust the machines
accordingly. One of the poorest testimonies to a seed processor is to
utilize screens marked with the name of a crop. Except for size graded
seed such as corn, such markings indicate a disregard for the natural
variation in size and the other variable physical characteristics of the
good seed in a seed lot.
An easy way to diagnose size variation in the good seed is to stack
a continuous sequence of seven or eight hand screens and determine the
size range of the good seed and contaminants. The shape of the screen
perforations will depend upon the crop seed and contaminants but usually
it is the same as the final grading screen. All good seed should pass
through the top screen and no good seed should pass through the bottom
screen of stack. Place a cupful of seed on the screens and shake.
Unstack the screens and determine which screen has the most seed on it.
The seed on this screen are of the mean size. For seed of many crops, a
screen size two SizeS below the mean is an appropriate size for use as
the final grading screen. The largest perforation screen, on which only
one or two very large seed remain, can often be used as the final scalping
screen.
11

11

Yes, using this technique will increase the cleanout 1 - 3%. It
will also improve appearance, the general seed quality level and simplify subsequent upgrading operations.
Frequency of Occurrence of Contaminants: This refers to the ratio
between the good seed of a lot and undesirable materials. When examining the seed to be cleaned, you may identify several undesirable con-
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taminants, i.e., weed seed, other crop seed, or inert matter, but it
usually is the ratio of good seed to the contaminants that is most
important, not the fact that contaminants are present. Depending upong
the quality standards to which the seed must be raised, certain contaminants can be ignored. All clean seed will contain a fractional
percentage of inert matter. Many lots of seed contain small amounts of
other crop seed or common weed seed because the cost of removing these
contaminants exceeds the value added by tl1eir removal.
As an . example, if the pre-cleaning examination revealed the presence of an occasional oat seed in a lot of non-certified wheat seed,
the occasional oat could be ignored. However, if the wheat seed were to
be certified, it will be necessary to remove the oat seed. The presence
of this oat seed would require the use of length grading equipment,
therefore, increasing the cost of conditioning the certified seed. This
same example is equally valid for common weed seed and inert matter, in
that the quality standards set by management or, in some cases, by
regulation determine what contaminants must be removed from each seed
lot.
Although a visual examination will provide an estimate of the
frequency of contamination, a detailed purity analysis is most useful
for making this determination, particularly when a low frequency of
noxious weed seed is involved. Identifying one johnsongrass seed in a
pound of sudangrass is not likely when a quick visual examination of a
handful of seed is the primary diagnosis used.
Flowability: The ease and uniformity with which the seed mass will
flow in the absence of mechanical force is its flowability. A large
sample of the entire lot must be used to determine flowability because
compaction must be considered in addition to the presence of inert
material and natural seed appendages. If flowability is based upon a
sample, it should be drawn by hand because probes often exclude large
pieces of inert materials which are likely to cause problems.
Seed must flow uniformly through the elevating and cleaning equipment to make an effective separation. As a general rule, a lot of seed
which has an angle of repose greater than 45 should be pre-cleaned
or conditioned before attempting any separation by the air-screen or
other conditioning machine. Anyone who has spent a day poking seed into
an elevator or through a bin opening will testify for the need of
predetermining the flowability of the seed lot.
Most seed lots which have been harvested and threshed mechanically
will flow through a properly designed processing plant. However, an
occasional lot of most seed kinds may lack the desired flow characteristics due to natural appendages on the seed, high quantities of
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stems or straw, high moisture content, or poor threshing. Such lots
require pre-cleaning before attempting to separate the good seed.
Scalping, drying, debearding, re-threshing or use of a hammermill may be
required to obtain the desired flow characteristics of the seed mass.
Pre-Cleaning "Conditioning": Diagnosis of the need for pre-cleaning
"conditioning" cleaning is usually based on a visual examination but may
require a germination test. When cleaning barley, oats, and many clovers
it is necessary to remove awns, hulls or other appendages before the
seed can be cleaned properly.
Seed such as arrowleaf and white clovers may have few or no seed
coverings to be removed but simply be very high in hard seed content.
Routine scarification of otherwise clean seed is not a practice used by
wise seed conditioners. Placing one hundred seed in a glass of water
overnight and counting the number of swollen seed to assure that over
80% have imbibed water by the next morning is a simple way of determining the real need for scarification. In most species, 80% swollen
seed in 12 hours means a hard seed content of 10% or less. Keep in mind
that scarification is controlled mechanical injury so you can kill more
seed than you scarify if you are not careful in your effort to eliminate
the hard seed.
Damaged Seed: There are three principal causes for damaged seed:
insect, disease and mechanical abuse. Only the more severely damaged of
these seed can be separated mechanically, regardless of the source of
damage. What is a severely damaged seed? It is a seed which has had
its physical characteristics altered sufficiently to effect a separation: for example, soybean splits, weevil eaten wheat or rotten corn
seed. On the other hand, damage such as cracked seed coats, abrasions,
surface molds, etc., is usually not sufficient to permit mechanical
separation although visually quite evident. Again, you may want to send
seed lots high in damaged seed to the elevator.
A visual diagnosis with the aid of magnification may be needed to
determine the need for fumigation and/or application of pesticides, as
well as the possibilities for mechanical separation of the damaged seed.
When insects are active in a sample, the seed lot should be fumigated
before entering the conditioning plant and in most cases an insecticide
applied after the seed have been cleaned. On the other hand, the application of fungicides should be based upon the farmer's need for the
protection provided. Seed which are so diseased that a fungicide is
needed to protect them in storage should usually be rejected for seed
purposes. Remember, fungicides protect seed; but they will not bring
them back to life.
Homogenity: Most seedsmen do not test for lot homogenity, rather
they assume that a seed lot cleaned through the same set of cleaning
and/or grading machines is homogenous. However, lack of homogenity is
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one of the most frequent causes of seed law vi olations, at least for
honest seedsmen.
Diagnosis for homogenity requires more time and effort than many
companies believe they can afford. It requires that a seri es of subsamples be taken from different parts, i.e., bags or bins of the lot.
A visual examination and possibly a purity and germination test is made
for each sub-sample, and the test results for each sub-sample are compared with that of the composite sample. A diagnosis of homogenity
should always be conducted when different kinds of varieties of seed
occur naturally or are blended intentionally, i.e., lawn grass mixtures,
variety blends, etc.
The source of non-homogeneous lots can usually be traced to one of
four mistakes on the part of the conditioning manager. These are:
open-end lots, seed from different harvest dates or locations included
in the same lot, non-uniform field infestations, and bag blending.
11

11

A lot of
number, every
appear in the
still, fools
11

seed is a defined quantity of seed, identified by a lot
portion or bag of which is uniform for the factors which
labeling. That should be the end of open-end lots but
rush in where angels fear to tread.
11

Either one rain shower or two combines can significantly alter the
physical and biological quality of the seed harvested from a single
field or two fields of the same variety. Failure to recognize the
natural variation brought about by conditions and events prior to the
time the seed are first bulked often means trouble. It is much less
costly to change a lot number than to retag a lot so a stop sale notice
is released.
One assumption made by many seed conditioners is that the seed
harvested from any one production field will be uniform. Another
assumption is the belief that conveying the seed from combine to truck,
truck to storage bin, storage bin to air-screen holding bin, etc.,
blends or mixes the seed to uniformity. Routine handling of most seed
lots has not, does not and will not have a significant effect on their
homogenity. The art and science of blending is very complex.
What is bag blending? It is a self-invitation to the courthouse as
a defendent. The stacking of bags of seed not similar in purity or
germination and/or reassignment of several lots into a single lot may
appear rational to someone who doesn't understand the liv i ng seed.
However, to a seedsman, bag blending is Russian roulette and can
readily lead to the economic death of the company.
11

11

11

Summary
Every seed lot should be subjected to a diagnosis to determine its
conditioning needs. If possible, this diagnosis should be made before
the seed arrive at the conditioning plant but certainly before an effort
is made to clean, upgrade, size or treat the seed. The more detailed
the diagnosis the better the prognosis, provided you, as the Seed
doctor have the training, experience and equipment to cure the patient .
If after a thorough diagnosis you still have a problem lot take two
aspirin and call our secretary; she has a solution for every problem.
11

11

,

11

11 ,
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USING COMPUTERS TO IMPROVE SEED CONDITIONING EFFICIENCY
Otto J. Loewer, R. A. Bucklin, T. Breeden and T. C. Bridges
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What is efficiency and how can efficiency be improved by using
computers? The purpose of this paper is to attempt to answer these
questions through:
1.

Development of the concepts needed to enhance efficiency, and

2.

Illustration of how these concepts may be incorporated into
computer programs so as to evaluate proposed or existing seed
conditioning facilities.
Efficiency

Efficiency is defined as the ratio of the effective or useful output to the total input in any system (American Heritage Dictionary). In
a seed conditioning system, the measurement of efficiency may relate to
the design of the facility, materials handling ability or managerial
performance. The same basic principles apply when evaluating any of
these seed conditioning concerns.
Principles of Optimizing Performance
Certain principles should be applied when evaluating any type of
materials handling system. These are:
1.

There will always be a limiting factor, i.e., a bottleneck,
in any production or materials handling system. Sometimes
the bottleneck is a lack of equipment. Other times labor
shortages may limit production.

11 The authors are Professor, Graduate Assistant, Agricultural
Engineer and Research Specialist, Department of Agricultural Engineering, College of Agriculture, University of Kentucky, Lexington,
KY 40546. Dr. Loewer presented the paper, which is published with
the approval of the Director of the Kentucky Agricultural Experiment
Station and designated Paper No. 82-2-72.
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2.

Always spend money on increasing the capacity of the bottleneck until either
a.

Some other component of the system becomes the bottleneck,

b.

The acceptable level of production is reached,

c.

The cost of adding one additional unit of capacity
exceeds its benefits.

3.

Comparisons must be based on a common measure of costs. Money
is the usual measure. This means that other factors such as
risk, timeliness, peace of mind, family, etc., must be coverted
to an equivalent monetary value if valid comparisons are to
be made. The conversion processes may be the most difficult
part of evaluating efficiency. Likewise, two individuals in ·
apparently the same situation may reach different conclusions
because each values the aforementioned factors differently.

4.

You must know what is happening, that is, the time requirement
of the operation and the associated costs, if you are to make
intelligent decisions concerning system performance and efficiency. The1·e are several "tools" available for measuring
performance.
Tools for Measuring Performance

One of the best tools for measuring performance is the stop watch.
A few measurements of certain events may help seed plant owners or managers quickly identify the true bottleneck in the system. For example,
what should be done if the desired daily bagging capacity is not reached
and yet the bin over the bagging machine is nearly full a large part of
the time? Is the bin too small? Is the bagging machine too slow, or is
it the operator? All that can be said with certainty is that the bottleneck is occurring at or past the bin. A time and motion analysis using
a stop watch may quickly allow you to determine the problem.
A stop watch is essential. However, a calculator can also help
with the arithmetic. A computer may be viewed as a large calculator
that can, if properly programmed, make many arithmetic and logical calculations in a short period of time, and provide a written summary of
its operations.
Note that the computer reflects the "thinking" provided by the
program developer. The computer program reflects only the programmer's
instructions, no more and no less. As we shall see, computers can be of
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great assistance in evaluating a seed conditioning facility. However,
it is very important that the user of a computer educate himself concerning the assumptions that go into a program so that he can use this
information in an intelligent manner. Again, the output from the
computer is no better than the input that goes into the machine. For
that reason, we will now examine several approaches to evaluating
efficiency as related to seed conditioning systems.
Cycle-Time Method
The cycle-time method of selecting equipment or evaluating efficiency is best used in the original design of the seed plant. The steps
in this process follow:
1.

Determine the cycle-time for various operations such as:
a.

Time required to retrieve and place an empty bag on
the bagging machine .

b.

Time required for the bagging machine to fill and place
a bag on the bagging belt.

c.

Time required for a person to receive a full bag, place
it on a pallet and return to the bagging belt.

d.

Time required for the forklift to transport a loaded pallet from the pallet site area to the warehouse and return .

2.

Convert all times measured previously to bags per minute per
man or machine unit.

3.

For an existing system:
a.

Multiply the bags per minute per machine or man unit
by the number of machines or men actually used in that
operation.

b.

The type of operation that has the lowest capacity is
the one that is limiting.

c.

Efficiency can be determined using the following equation:
Efficiency, % = ~~e~~i!t_~f_!~~-!!~!!!~9-~e~r~!!~~ x 100
Capacity of an operation
(Note that the limiting factor is 100 percent

d.

efficient ~ )

Efficiency may be improved by continuing to eliminate one
unit of a non-limiting component until it would become
limiting if an additional unit was removed.
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4.

For optimization of a system :
a.

Determine the desired daily processing rate and convert
to a bags per minute rate.

b.

Compute the cycle times of each operation as discussed
previously.

c.

Continue to add one unit of a component until it meets
or exceeds the desired design capacity.

d.

Evaluate the cost consequences and benefits of adding
or removing one unit of each component as presented
earlier.

The cycle-time method has been employed in a computer program called
JAWS (Joint Analysis of Warehousing and Sacking). The function of JAWS
is to provide a list of equipment and costs for a new seed conditioning
facility based on the specifications of the contractor, equipment
dealer or engineer. JAWS designs a seed plant based on the seed flow
shown in Figure 1. The seed plant designer provides the information
shown in Figure 2. Equipment performance and cost data are stored within
JAWS (Figure 3) but may be easily changed to reflect more current information.
The basic concept of JAWS is to calculate the rate of material
flow required to achieve the specified output of bagged material per
work types.
The discrete nature of the equipment characteristics also affects
the economic output of JAWS. For instance, the cost per bagged unit
declines as men and equipment operate at larger fractions of their
capacity, and then levels off or increases with the addition of a
man or piece of equipment. Also, JAWS does not give direct information about the dynamic performance of the system selected. However,
another computer program can be used to calculate the efficiencies of
the various components of the system. This program uses the event
method of evaluating performance. Additional information concerning
JAWS may be found in Bucklin et ~· (1980, 1982).
Event Method
This method of evaluating performance efficiency is best suited
to dynamic systems such as found in the seed plant bagging operations.
The steps of this process are:
1.

Identify each major event that occurs within the operation.

2.

Trace each event based on the previous event.
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3.

Identify the areas where one event cannot take place because
of having to wait for another event to occur. For example,
a person must wait for a filled bag to arrive (an event)
before he can deliver a bag to a pallet (another event).

4.

Calculate the waiting or idle time for each man or machine.

5.

Determine the system component efficiency using the following
equation:

The event method of evaluating performance is best handled by a
computer program model. The model we have developed for this process
is called PACASACS (Process Analysis Combining A Sacking And Cleaning
~stem).
The PACASACS model-is composed of following geographic
locations, equipment types and job functions (Figure 1):
1.

Storage Bin -

contains the stored seed that
may be processed. No additional
seed may be added to this bin
over the simulation period.

2.

Conveyor SC -

conveys seed from the storage
bin to the cleaner bin.

3.

Cleaner Bin -

serves at a surge bin between
the storage bin and the cleaner.

4.

Cleaner -

divides the seed into two categories, cleaned seed and cleaner
off-falls.

5.

Conveyor CO -

conveys off-falls from the
cleaner to the cleaner offfalls bin.

6.

Cleaner Off-fall Bin -

contains the off-falls from the
cleaner.

7.

Conveyor CS -

conveys clean seed from the
cleaner to the spiral separator bin.

8.

Spiral Separator Bin -

serves as a surge bin between
the cleaner and the spiral
separators.
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9.

Spiral Separators -

divides the seed into two categories, seed suitable for bagging
and spiral separator off-falls.

10.

Conveyor SO -

conveys off-falls from the spiral
separators to the spiral separator off-falls bin.

11.

Spiral Separator Off-falls Bin

contains the off-falls from the
spiral separators.

12.

Conveyor SB -

conveys seed suitable for bagging from the spiral separators
to the bagging machine bin.

13.

Bagging Machine Bin -

serves as a surge bin between
the spiral separators and the
bagging machine(s).

14.

Bagging Machine(s) -

receives an empty bag from a
bagging person and terminates
its activity after it directs
a full bag onto the bagging belt.

15.

Bagging Person(s) -

obtains an empty bag from the
local bag storage and positions
it on the bagging machine.

16.

Local Bag Storage -

an area relatively close to the
bagging machine(s) where empty
bags are stored before being
positioned on the bagging machines.

17.

Bagging Belt -

conveys bags from a single bagging machine to the pallet site
area.

18.

Pallet Site Area -

where the pallet person receives
a full bag from the end of the
bagging belt and places it on
an unfilled pallet if available.

19.

Pallet -

a structure on which bagged material
can be placed and the whole structural unit then transported by
forklift.
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20.

Pallet Person -

performs three duties: receives
a full bag from the end of the
bagging belt and places it on the
pallet; drives a forklift; and retrieves a pallet from the local
pallet storage and positions it
in the pallet site area.

21.

Local Pallet Storage -

an area relatively close t6 the
pallet site area where empty
pallets are stored prior to being
used to transport full bags.

22.

Forklift-

may be used for three activities:
conveying full pallets from the
pallet site area to the warehouse;
transporting empty pallets from
the local pallet storage areas;
and delivering a pallet filled
with empty bags from the outer
bag storage area to the local bag
storage area. An activity is completed when the forklift returns
to the pallet site parking area.
Each activity must be completed
before a new one is undertaken.

23.

Warehouse -

contains all the full pallets
of seed.

24.

Outer Pallet Storage -

where all the unused pallets are
stored except for those in the
local pallet storage area.

25.

Outer Bag Storage -

where all the empty bags are
stored except for those in the
local bag storage area.

Conceptually, seed - during conditioning - is conveyed from the
storage bin through the cleaner and then through the spiral separators
into the bagging machine bin (Figure 1). After a bagging person places
a bag on the bagging machine, conditioned seed is passed from the
bagging machine bin into the bag. The bag will be automatically sealed
and then ejected onto the bagging belt. The full bag will be conveyed
to the pallet site area where a pallet person will remove the bag from
the belt and place it on an unfilled pallet. When the pallet contains

20

the proper number of bags, the forklift, driven by a pallet person, will
transport the loaded pallet to the warehouse and return to the pallet
site area. Upon arrival, if there are insufficient bags in the local
storage area, the forklift will transport a pallet filled with empty
bags from the outer bag storage area.
PACASACS was developed so that the user of the model could define
his existing or proposed system, and the model would simulate the plant
activities and present a summary set of statistics indicating the performance and efficiency of the system. PACASACS is a Consequences of
actions type model; that is, the model simulates a given system but
makes no attempt to optimize individual components.
11

11

Input information to PACASACS is shown in Figure 5. The user may
specify either bushels, pounds or kilograms as the basic units to be
used. A 24-hour clock is used for starting and stopping the simulation;
however, the plant activities may not be extended past midnight unless
the quitting time is given as an accumulated time rather than restarting
the 24-hour clock.
Only one bin of each type may be specified; that is, only one bin
for storage, cleaning, cleaner off-falls, spiral separation, spiral
separator off-falls and bagging may be used. However, if more than one
bin of a given type is used in the actual system, their capacities may
be added together to approximate a single bin system.
In the model, when the seed in a cleaner, spiral separator, or
bagging machine bin reaches maximum capacity, the conveyor delivering
the incoming grain is turned off. It will not be restarted until the
seed level reaches a lower restart point specified by the model user.
In an actual system, this would correspond to placing a turn-on
pressure switch near the bottom of the bin. These arrangements insure
that no seed overflows result from the capacity of one system component
being greater than another.
11

11

The model user does not specify the capacity of the cleaner offfalls bin and the spiral separator off-falls bin. In effect, the model
computes the quantity of off-falls present in each bin but assumes that
t~ere will always be sufficient storage space so as to maintain cleaner
and spiral separator operation.
The model user must state the percentage of seed entering the
cleaner or spiral separators that will be placed in the off-falls bin.
The model considers this to be constant over the simulation period.
Any number of bagging machines may be used in the model, each with
its own individual performance characteristics. PACASACS, however,
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considers only one bagging machine bin which serves all the bagging
machines collectively but supplies the demands of each individual
machine. Each bagging machine has its own individual belt that is used
to transport a filled bag to the pallet site area. If, in an actual
system, the pallet person picked-up the filled sack directly from the
bagging machine rather than off the end of the belt, the user would
simply specify the time difference between when the bag is filled and
when it may be transported by the pallet person rather t han the travel
time on the bagging belt. Provision is also made for automatic bagging
machines.
The user has complete flexibility in defining the bag size, pallet
capacity, the number of pallets positioned for filling, local storage
parameters and the warehouse loading plan in terms of pallet height .
However, PACASACS does not maintain an accounting of the geometry of the
warehouse. Also, only one pallet at a time may receive full bags. The
model user may specify the individual performance characteristics of any
number of bagging persons, pallet persons and forklifts.
PACASACS does not use speed and distance to compute operation times
but uses the stated work time directly. Likewise, the model user may
select to use either the average time for each operation or a randomly
generated time based on a normal distribution with user specified means
and standard deviations.
PACASACS is a 4000 statement combined continuous-discrete FORTRAN
simulation that utilizes the GASP IV simulation language (Pritsker,
1974). The following discrete events have been defined:
1.

Bag filling begins

2.

Bag filling ends

3.

Bagging person arrives at the local bag storage site

4.

Full bag arrives at the end of the bagging belt

5.

Forklift arrives at the pallet site area

6.

Forklift departs from pallet site area

7.

Forklift arrives at the warehouse unloading site

8.

Forklift departs from the warehouse after unloading

9.

Forklift arrives at the outer pallet storage area

10.

Forklift arrives at the local pallet storage area
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11.

Forklift arrives at the outer bag storage area

12.

Forklift arrives at the local bag storage area

13.

Pallet person arrives at the 1oca 1 pallet storage area

14.

Pallet person arrives at the pallet site area and places
a full bag on the pallet

15.

Pallet person arrives at the bagging belt

16.

Pallet person arrives at the pallet site area and
positions a pallet.

Several events are related to the quantities of seed in the storage,
cleaning, spiral separator and bagging machine bins. These are called
state events and are triggered by a bin reaching either its maximum fill
point, lower desired limit or zero capacity at which time the appropriate
conveyors are started or stopped.
When a discrete event occurs, a situation is usually created
whereby another event is scheduled or the entity involved is placed in
a waiting line. For example, when a pallet person arri ves at the end
of the bagging belt (a discrete event), he will pick up a full bag and
be scheduled to arrive at the pallet site (another discrete event).
However, if there is no full bag available, he will have to wait, i.e.,
be placed into a waiting line (queue). The following waiting lines are
used in PACASACS.
1.

Bagging persons waiting to place a bag on a bagging
machine.

2.

Bagging persons waiting to get a bag from the local bag
storage.

3.

Pallet persons waiting to receive a bag from the end of the
bagging belt.

4.

Forklift waiting for its pallet to become loaded.

5.

Forklift waiting for a pallet site position to become open.

6.

Forklift(s) waiting to unload at the warehouse.

7.

Bagging machine(s) waiting to receive an empty bag from
a bagging person.

8.

Full bags that have reached the end of the bagging belt
but have not been picked-up by a pallet person.
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Generally, an entity (bag, bagging person, pallet person, bagging
machine, or forklift) will be placed into a waiting line if (1) nothing
is available for additional transport, e.g., no full bags at the end of
the bagging belt, or (2) another entity has arrived earlier and has not
cleared the area, such as a forklift arriving at the warehouse but
having to wait for an earlier forklift hat has not yet finished unloading its pallet.
The output from PACASACS begins by listing the input information.
The user has the option of obtaining a total or partial event tracing of
the activities that occurred over the simulation period including a
status report of seed quantities and locations. If any entity had to
wait, a set of summary statistics and a histogram is printed.
The computations of systems efficiencies are of primary importance
(Figure 6). The theoretical capacities of the cleaner, spiral separator(s), bagging machine(s), bagging person(s), pallet person(s) and
forklift(s) are computed for the time that the bagging machine operates.
This capacity is divided into the quantity of seed that was actually
processed or transported by each entity to obtain the component efficiency.
The final output is a graphical plot of the materials flow over the
simulation period. Also, included in the plot are the number of entities in some of the waiting lines.
The PACASACS model may be used by anyone who wishes to evaluate an
existing or proposee processing and storage system. For example, the
efficiencies shown in Figure 6 were derived from the example inputs
given in Figure 5. If an additional bagging person of similar ability
is added, the systems efficiencies would be as shown in Table 1. Similar results are shown for adding a similar bagging machine, a similar
pallet person, and a similar forklift. From these examples, the best
alternative in terms of the number of full bags processed was to add a
similar bagging macine. This may not necessarily be the best economic
choice.
For more detailed information concerning PACASACS, see Loewer et.
al. (1979).
Using Computer Models
Two seed processing computer models have been presented, each based
on a different principle of determining seed plant efficiency. Both of
these models have been tested and validated under actual seed plant
operations (Loewer et. ~·, 1979; Bucklin et . ~·, 1982). How can these
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models be best used? The answer depends on the objectives of the user.
However, one should consider using the programs in combination to answer
the following types of question:
1.

If the work day length or days spent bagging are altered,
how will this affect equipment selection, purchase cost,
annual cost or labor demand?

2.

If another bagging machine is added, how will output be
affected?

3.

What is the bottleneck in the bagging operation?

4.

How much unused capacity exists in the different components
of the system?

5.

How much would bagging capacity change if labor were added,
removed or switched?

6.

How would an increase in bagging bin capacity change daily
productivity?
Summary

Examples of existing computer programs for design and analysis of
seed conditioning plants have been presented. When using computer
programs of any type, the user should familiarize himself with the basic
inputs, assumptions and decision making criteria contained within the
program. Do not expect the output from the program to be any better
than its inputs or structure. Computer models cannot consider factors
that are not programmed into them. Computer models are simply extensions of how programmers view the real world" as altered by their
specific objectives. For example, PACASACS does not consider machinery
breakdown, not because they do not occur but because this is not an
important consideration in fulfilling the objectives of this particular
program.
11

Computer models provide a relatively inexpensive means of quickly
ga1n1ng experience. For example, JAWS or PACASACS can provide you with
insights and information into the design and interworkings of a seed
plant that would otherwise come only with great expenditures of time and
money.
In conclusion, computers can do no more than someone well trained
with a stopwatch and calculator who possesses the skills necessary to
make intelligent decisions. Computer models can generally provide
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complete detailed analysis more quickly, accurately and economically
than this trained individual. However, a computer model does not make
the final decisions concerning the system. It can only provide information.
A computer analysis may prove to be the best first step in improving the efficiency of your seed plant. For additional information
concerning PACASACS and JAWS, and other models related to grain drying,
handling, delivery and storage systems, contact the authors (606/ 2584955).
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:
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EQUIPMENT CHARACTERISTICS
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.
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I
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3
I
I
I
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:
2000 hr
:
60.00
:
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I
I
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I
I
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I
I
I
I
I
I
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:
5
:
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:
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I I.

Spiral Separators

r-----------r-------------------r-------------r-------------r-------------r--------------------,
SPinALS :
RATE AT WllTCfl
:
JIEIGIIT
:
COST PER
:
FUNCTIONAL :
ACCUt.tlJLATED REPAIR l

:

l

TYPE

:
:

:

SPIRALS
PROCESS
t.IATERIAL/t.IIN

:
:
:

OF UNIT

:
:
:

UNIT

:
:
:

COSTS OVER LIFE OP l
t.IACIHNE AS % OP
:
LIST PRICE
:

LIFE

l
:
1
~-----------r--- --- -- -----------r-------------~-------------~-------------~----------------- ----:
:
:
3
:
:
:
:
:
0 • 01 ~ m
0 • 209 m
:
1
:
:
:
$ 570.00
:
18,000 hr :
60.00
:
:

:

0.50 bu

:

6.00 ft

:

:
:
:

3
0.029 m
0.83 bu

:
:
:

0. 209 m
6.00 ft

:
:
:

3

:

:

:

:

~-----------r------------------~~-------------~-------------~-------------~---------------------:

:
:
:

2

$1141.00

:
:
:

18;ooo hr

:
:
:

60.00

:
:
:

~-----------r-------------------r-------------~-------------~-------------~---------------------:

:

:

:

3

:

:

:

I

I

0 • 059 m
1. 6 7 bu

:
:

0 • 244 m
7. 00 ft

I

:

:

:
:

$2151.00'

f

:

:
:

18,000 hr

I

:

:
:

60.00

l

:

I

I

r-----------r-------------------r-------------r-------------r-------------r---------------------1
:
3
:
:
:
:
:

:
:
:

4

:
:

0 • 117 m
3. 33 bu

:
:

0 • 244 m
7. 00 ft

:
:

$4055.00

:
:

18,000 hr

l

60.00

:

:

l

L------- ----L-------------------~-------------~-------------~-------------~---------------------:
III.

Bagging t.tachines

r-----------r-------------r--------------------r------------~~-------------~-------------------~.

:
:
:

BAGGING
t.IACIHNE
TYPE

:1

l
l
l
:1

IIEIGIIT OP
t.IACIIINE

l
:

:
lI

TitlE TO RECEIVE
PILL AND DELIVER
A BAG

l

:I

l
l
:I

l
l
l
:I

I
I

I
I

I
I

:
:

COST PER
UNIT

: FUNCTIONAL
LIPE

ACCU~fUtATED REPAIR :
COSTS OVER LIPE OP l
t.IACIIINE AS \ OP
:
LIST PRICE
l
I

r-----------r-------------r----- - ------ - ------ - ~- -- ------ - --·~-------------~-------------------rl
I
1

i.

:I
I
1

1

I
I

0 • 139 m
4.00 ft

:

I
I
1

9 • 00 mse.nc
0,15 1

:
I
I
I

$6125.00

: 15,000 hr
I
I
I

~

lI

I
I

60.00

I
I

:
I
I
I

r-----------r-------------r--------------------~------------~~-------------~-------------------~•
1
I
I
I
I
. I

:

1

•

2

:
1

I
1

O.l3 9 m
4 , 00 ft

::
I
I

4 • 80 sec
0.08 min

::
I
I

$6600.00

:: 15 , 0 0 0 h r

::

I
I

I
I

60 • 00

::
I
I

-----------------------------------~------------------------~-----------------------------------·
Fhure 3,

(Continued) PhYsical and economic characteristics of equipment stored within JAI~S.
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Figure 3. (Continued)

IV.

Physical and economic characteristic of
equipment stored within JAWS.

Elevator

----------------.-------------------.---------------,
ELEVATOR
: CAPACITY OF
: SIZE OF
:
TYPE

:

ELEVATOR/mN

:

:1 ________________ J ___________________ j ___

E~EVATOR

:

~~~~--------1

:I
:I
0 " 035 m3
:I
0.076 m
:I
1
:
:
1. 00 bu
:
3. 00 in
:
1----------------~-------------------~---------------~
:I
:I
0.050 m3
:I
0.076 m
:1
2
:
:
1.42bu
:
3.00in
:
1----------------~---~---------------~---------------~
:I
:I
0.100 m3
:I
0.076 m
:I
3
:
:
2 . 83 bu
:
3. 00 in
:
1----------------~-------------------~---------------~
:I
:I
0 • 103 m3
:I
0.102 m
:I
4
:
:
2. 92 bu
:
4. 00 in
:
1----------------~-------------------~---------------~
:I
:I
0 • 115 m3
:I
0.102 m
:I
5
:
:
3.25 bu
:
4.00 in
:
1----------------~-------------------~---------------~
:I
:I
0 • 159 m3
:I
0.102 m
:I
6
:
:
4.50bu
:
4.00in
:

:----------------~----~-----~--------i---------------i1

I
0 • 161 m3
I
0.152 m
7
I
I
I
:
:
4. 58 bu
:
6. 00 in
:
1----------------~-------------------~---------------~
:I
:I
020Sm3
:I
0.152m
:I
8
•
:
:
5. 83 bu
:
6. 00 in
:
I
I

·----------------~-------------------~---·-----------~

:I
;I
0.247 m3
lI
0.152 m
:I
9
:
:
7. 00 bu
:
6. 00 in
:
1----------------~-------------------~---------------~
:I
:I
0 • 294 m3
:I
. 0.152 m
:I
10
:
:
8.33bu
:
6.00in
:
1----------------~-------------------~---------------~
:I
:I
0 • 352 m3
lI
0.152 m
:I
11
:
:
10.00 bu
:
6.00 in
:

~----------------~-------------------~---------------~
:
0 411 m3
:
0.152 m
:

:
I
:

12

I

:

0

11.67 bu

I

:

6.00 in

I

:

·----------------~-------------------~---------------~

:I
:I
0.470 m3
:I
0.152 m
:I
13
:
:
13.33 bu
:
6.00 in
:
1----------------~-------------------~---------------~
:I
:I
0533m3
:I
0.152m
:
14
I
:
:
15.13 bu
:
6.00 in
:
0

1----------------~-------------------~---------------~

:I
:I
0 " 599 m3
: · 0.152 m
:I
15
I
:
:
17. 00 bu
:
6. 00 in
:
1----------------~-------------------~---------------~
:I
:I
1 160 m3
:I
0.152 m
· :I
16
:
:
32.92 bu
:
6.00 in
:
1----------------~-------------------~---------------~
:
:
1931m3
:
0.152m
:
I
17
I
I
I
0

0

L---------------J----~~~~2-~~-------J----~~QQ_!~----J

.. · . :

. •:·

V.

Forklifts

------------ ----------------------

--------~-------------r----------r----------~-------------------~-----

FORKLIFT : GROUNDSPEED : SPEED Tlltd COST PER
TYPE
. : OF FORKLIFT : LIFT .WILL
UNIT
l PER MINUTE :RAISE PER
l MINUTE

FUNCTIONAL
LIFE

ACCUMULATED
REPAIIt COSTS
OVER LIFE OF
t<Lt\CIIINE AS \
OF LIST
PRICE

l

:
:

:

1

NUMBER OF

NUMBER OF
PALLETS
FILLED
IHTII BAGS
THAT MAY BE
IIAULED IN
ONE LOAD

E~IPTY

PALLETS
THAT MAY BE
IIAULED IN
ONE I.OAD

1

LOAD
CARRYING
CAPACITY

I

I

I

I

---------~------------r----------r----------r-----------r-------------r------------r------------r--------~
I
I
I
I
I
I
I
I
I

1

:
:

25.41 m :
.730 • 4 ft :

1

: 120
3.34 m : t 4
00 hrs
96 • 0 ft : .,1 700.00 :

I

I

I

l

:

·

1.00

\

I

l

:

5.00

I

l

:

1.00

I

:

909
: 2000

kg

l

,'

lh:

I

I

---------r------------r----------r----------r-----------~-------------~------------~------------~---------1
I
I
I
I
I
I
I
I
I

2

25 41

:

:

•

01

730.4 ft

3 31

:

:

•

·
m l $14800.00: 12000 hrs

95.0 ft :

:

:
:

1.00\

:

5.00

:

:

1.00

:

: 1134

: 2500

kg:
l b il

~---------~------------~----------~----------~-----------~-------------~------------~------------~---------:
:
l
25.llm:
3.27ml$
: 1200 h
l
l
l
li361 kgl
l
3
: 72 1. 6 ft : 94 .O ft : 15100.00 :
0
rs :
1.00\
:
5.00
:
1.00
l 3000 lb:
1
I
I
I
I
I
I
I .
I
I
r---------r------------r----------r----------r-----------~-------------~------------~------------~---------1

l
l

4

1

l
l

26.64 m
765 • 6 ft

I

l
l
t

3.06 m l
l
l
88 • 0 ft l $18800.00 l 12000 hrs l
I

I

1.00\

I

l
l

5.00

I

l
l

1.00

I

l 1591

: 3500
I

kg

l

lb :
I

r---------r------------r----------r----------r-----------r-------------r------------r------------r---------1
:
26.64 m l
3.06 ni :
l
l
l
l
l 1818 kg l

: ·
l

5

1

l

765 • 6 ft

l

I

I

l

.7 65 • 6 ft l

I

I

88 • 0 ft l $19000.00 : 12000 hrs
I

I

:

1.00\

I

:

5.00

I

:

1.00

I

: 4000

I

lb:
I

r---------r------------r----------r----------r-----------r-------------r------------r------------r---------1
l
l
26.64 m l
3.06 m l
l
l
l
l
l 2045 kg l
l

1

6

88 • 0 ft :$19200.00 l 12000 hrs
I

I

:

I

1.00\

:
I

5.00

:

1.00

I

: 4500
I

lb:
I

r---------r------------r----------r----------r-----------r-------------r------------~------------~---------1

l
:
26.34 m l
3.06 m :
l
l
l
l
l 2273 kg l
l
7
l 756 • 8 ft l 88 • 0 ft l $19500.00 : 12000 hrs :
1.00\
:
5.00
:
1.00
: 5000 .lb :
l---------L------------~----------~----------~-----------~-------------~------------~------------~---------l

Figure 3, (Continued) Physical and economic characteristics of equipment stored within JAWS.
w
w

w
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*******************************************************************************************************
******************************************************************************** ***********************

RESULTS
*******************************************************************************************************
*******************************************************************************************************

The men and equipment required to handle 2000.00 BU. per day are as follows :
(Note: Individual machine types are described in the equipment characteristics section above)
I.

Bagging Machines
1 bagging machine(s)
with a purchase cost
a 280.7 bu. bin with
with a purchase cost

II.

of type 1
of $6125.00 and an annual cost of $1071.87,
a diameter of 6. ft. and a height of 18. feet, with a 60. degree hopper bottom,
of $4335.78 and an annual cost of $541.97.

Forklift(s)
1.0 forklift(s) of type 6
with a purchase cost of $19200.00 and an annual cost of $3840.00.

I II.

Men

l~ho

Do The Bagging

1 men to service the bagging machine{s)
at an hourly wage of $4.00 with an annual cost of $6400.00 assuming 200. work days per year.
IV.

Men Who Carry The Sacks
2 men who carry the dacks
at an hourly wage of $4.00 with an annual cost of $12800.00 assuming 200. work days per year

Figure 4.

Results and Summary Section of JAWS

V.

Spiral Separators
2 spiral separator(s) of type 4
with · a purchase cost of $8110.00 and an annual cost of $1346 . 26,
a 99.6 bu. bin with a diameter of 6. ft. and a height of 10. feet, with a 60. degree hopper bottom,
with a purchase cost of $1596.85 and an annual cost of $199.61.

VI.

Clcaner(s)
1 cleaner(s) of type 4
with a purchase cost of $20740.00 and an annual cost of $2799.90,
a 99.6 BU. bin with a diameter of 6. ft. and a height of 10. feet. with a 60. degree hopper bottom,
with a purchase cost of $1596.85 and an annual cost of $199.61.

VII.

Storage Elevator

An elevator of type 6 with a discharge height of 18. feet to run between the storage bin and the
cleaner with a purchase cost of $840.19 and an annual cost of $105.02.
VIII.

Cleaner Elevator
An elevator of type 9 with a discharge height of 17. feet to run between the cleaner and the spiral
separator with a purchase cost of $1127.85 and an annual cost of $140.98,

IX.

Spirals Elevator
An elevator of type 9 with a discharge height of 22. feet to run between the spiral separator and the
bagging machine with a purchase cost of $1284.16 and an annual cost of $160.39.

Figure 4.

\

(Continued) Results and Summary Section of JAWS.

w

01

w

0)

r---------------------------r--------------------r-------------------r-------------------1

I

:

I

COMPONENT

I

l

I

NUMBER OF UNITS

I

l

I

PURCHASE COST

I

I

l

ANNUAL COST

I

l
I

r---------------------------r--------------------r-----~-------------r-------------------1

I

I

I

l

,

Storage Elevator

I

I

I

l

I

I

1

I

l

I

I

$

840.19

I

I

l $

105.02

I

l
I

r---------------------------r--------------------r-------------------r-------------------1
Bin Above C1eaner(s) l
1
l
$ 1596.85
l $
199.61
l

l
I

I

I

I

I

r---------------------------r--------------------r-------------------r-------------------~

l

Cleaner(s)

l

I

1

I

l

$ 20740.00

I

l $

2799.90

I

l

I

r---------------------------r--------------------r·------------------r-------------------~

l

CleanerElevator

I·

l

1

I

l

$1127.85

I

l$

140.98

I

l

I

r---------------------------r--------------------r-------------------r-------------------1
l
Bin Above Spirals
l
1
l · $ 1596.85
l $
199.61
l
~---------------------------~--------------------~-------------------~-------------------:·

l

Spiral Separator(s)

I

l

2

l

$

8110.00

l

$

1346.26

l

I

I

I

I

I

I

I

I

r---------------------------r--------------------r-------------------r-------------------1
Spirals Elevator
l
1
l
$ 1283.16
l $
160.39
l
r---------------------------r--------------------r-------------------r-------------------1
l
Bin Above
l
l
l
l
l

I

l

Bagging Machine (s)

I

l

1

l

$ 4335.78

l $

541.97

l

I

I

t

I

f

I

I

I

I

I

I

I

r---------------------------r--------------------r-------------------r-------------------1
l
Bagging Machine(s)
l
1
l
$ 6125.00
l $ 1071.87
l
r---------------------------r--------------------r-------------------r-------------------1
l
Forklift(s)
l
1
l
$ 19200.00
l $ 3840.00
l
----------------------------r--------------------r-------------------r-------------------1
l
EQUIPMENT COSTS l
$ 64955.67
l $ 10405.61
l
I

•

I

·---------------------·--------------------·--------------------'

Figure 4.

(Continued) Results and Summary Section of JAWS.

Ir--------------------r-----------------r---------------------~------------------~
I
I
I
I

:
I
I

COMPONENT

: NUMBER OF UNITS :
I
I

I
I

PURCHASE COST

:
I
I

ANNUAL COST

l
I
I

~--------------------~-----------------~---------------------~-------------------·

:

:
I

Men Who Do
The Bagging

:
:
I

1

:
:
I

,

N/A

:
:
I

$

6400.00

:
:
I

~--------------------~-----------------~---------------------~-------------------·

:

Men Who Carry

:

The Sacks

I

:
:
I

2

:
:
I

N/A

:
:
I

$

12800.00

:
:
I

~--------------------~-----------------~---------------------~-------------------·
:
LABOR COSTS
:
$ 19200.00
:
I
I

I
I

I
I

~-----------------------------------------·
~-----------------~-----------------------------------------·
: TOTAL COSTS.
:
$ 64955.67
:
$ 29605.61
:
I

I

I

I

~-----------------~---------------------~-------------------·

~-----------------------------------------·

:
I

COST PER BUSHEL

:
I

$

0. 07

II

~---------------------r-------------------1

:

I

COST PER DAY

:
I

$

148.03

:
I

~-----------------------------------------1

Figure 4.

(Continued) Results and Summary Section of JAWS.
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w

co
USER SUPPLIED

INFOR~~TION

**************************************************************************************************"**********
************************************************************************************************************

Dimensions will be given in units of feet, (FT.); minutes, (MIN.); and bushels, (BU).
Status reports on the amount of material in bins and the warehouse will be given each 15.0 minutes.
1.

Scheduling Information

--

I
I
I
I
I
I
I
I
I

..I

------1

Time of day that
bagging operation
begins
(24-HR. Clock)
8:00

I
I
. I
I
I
I
I
I
I
I

I

I
Time of day
I
I
that bagging
I
I
machine quits 1
(24-HR. Clock) :

,...
I

9:00

I

~------------------------~-------------------~

II.

Description of Storage Bin

.---------Initial

amount
of material in
storage bin.
BU.

:
:
:
:
:
I

---------------------------------·
:
Capacity of
:

Maximum
storage bin
capacity
BU.

:
:
:
:
I

Bucket elevator
taking grain out
of storage
BU./HIN.

:
:
:
:
I

-----------------------------------------------------------------------1
2000.00
:
25000.00
:
20.00
:
------------------------------------------------------------------------·
III~ .

Description of Cleaner

---------------------------------------------------------------------------------------------------------------: Lower limit of
Percentage
Initial amount
~faximum
Rate that the
of material in
bin above cleaner
BU.

cleaning bin
capacity

I

BU.

cleaner processes
grain
i
I

BU./MIN.

:
:
:
:
:I

the cleaning bin
when the elevator
taking grain out of
storage can turn on
BU.

loss in the
cleaner

I

I

------------------------~--------------------~-------------------------------------------------------------------

:

o.o

:

175.00 .

:

8.00

:

20.00

:

4.00

------------------------~-------------------~~-------------------------~----------------------------------------

Figure 5.

A Completed sxample PACASACS Input Form.

:

IV.

Description of Spiral Separator
----------·-------------------------- - ----------~---------------------------------------------------------------~

:
:
l
l
I

Material in the
bin above
spiral separator
BU.

:
:
:
l
I,

:

10.00

:

Rate that the
spiral separator
processes grain
BU./MIN.
9.00

: ~laximum spiral
l separator bin
l capacity
l
BU.
I

:
l
l
l
I

:

:

150.00

Lower limit of
spiral bin when
cleaner turns on
BU.
20.00

:
l
l
lI

:

Percentage
:
loss in the
l
spiral separatorl

l

I

6.00

:

- - -------------------------------------------------------------------·----------------------------------~-------

V.

Description of Bagging

~lachine

-------------------------------------------------------------------- ~·

:
:

l
lI

Material in the
bin above
bagging machines
BU.

l

:

l
lI

56.00

Lower limit of
bagging bin when
spirals turn on
BU .

l Maximum bagging

:

l
l
I

250.00

bin capaci.ty
BU .
300 . 00

---------------------------------------------------------------------1
:
Bagging
l Time to receive
l Time to travel
l
lI

:
:

machine
ID

I

lI

:
·:
I

r

I

1.00

VI.

fill and deliver
a b~g to the
del1very belt
MIN.

lI

:
:
I
I

from
bag loading
•
po1nt to the end
of the belt
MIN.

lI

:
:
I
I

0.25

0.15

Description of Bags

---------------------------------------------------------------------------------------------------------------1
Bag
l Original
l mnimum number
l Original
l Number of
l

lI
1

l
lI

•

s1ze

I
1

l
:I

number of bags
in local storage

I
1

l
lI

of bags that
are desired in
local storage

I
1

l
lI

number of pallets
loaded with bags
in outer storage

I
1

l
lI

empty bags
per pallet

I
1

l
l

,-----------------------~----------------------~---------------------~---------------------~------S--0·----------;

I

1. 00

I

120

I

25

I

10

1

1 0

1

-----~-----------------------~-------~------------------- - ----------------------------------------------------·

Figure 5.

(Continued) A Completed Example PACASACS Input Form.

w

\.0

VII.

Description of Pallets

--------------------------------------------------------------------------------------·
I

I

:I

Original
number of
•
pallets 1n
local storage

1
I

:
:

I

:I

Minimum
number of
•
pallets 1n
local storage

1
I

:
:

:I
1
I

:

:

Original
number of
•
pallets 1n
outer storage

I

I

:I Original
1 number of
I
•
: pallet s1tes
: in system

:I

+::>
0

1
I

:
:

I
I
I
t
L--------------------------------------------------------------------~----------------1

I

10

I

2 •

I

2000

I

1

I

I

L-------------------~------------------------L-----------------------•-••••••••••·----1

------------------------------------------------------------------1
Number of
: ~taxtmum number
:
He1ght of
:

I

I

:
:
:

full sacks
per pallet

1

•

:
:
1

I

I

I

of pallets allowed
in the stack in
the warehouse

•

:
:

I

each pallet,
FT.

1

1

i
1

t

I

I
I
I
~-----------------------------------------------------------~-----1

I
I

40

2

I

I

4 • 00

I

L-------------------L------------------------L--------------------1

VIIt.

Description of Men Who Do the Bagging
Travel Times for Men Who Do Bagging are Fixed and Do Not Vary.

---------------------------------------------·
ID of man
: Time from arrival
:

I

:
:
:
:
:

I

who does
bagging

I

:
:
:
:

to local bag storage
to arrival at bagger
and vice versa
MIN.

:
:
:
:

---------------------------------------------1
__________~__________ 2:.2~----------_:

I

L----~!:.22

IX.

I

I

Description of the Men Who Carry the Sacks
Travel Times for Men Who Carry Sacks are Fixed and Do Not .Vary

.--------------------.----------------------------------------------,--------------------,-----------------,------------------,
ID of man
Travel time
Travel time
Travel time
Travel time
Travel time
1
I

1
1
1
I
1
I

:
I
I

1

who carries
the sacks

I

11
1
I
1
I

1

from the belt to
the pallet when
carrying a sack

from the pallet
to the belt

:
I
I

MIN.

MIN.

I

from the pallet
area to the
local pallet
: area
I
MIN.
I

1
I
1
I
1
I

1
I

1
I

1

1

from the local 1 from the end
1
f
I
I
pallet storage 1I o the be 1 t to .J1
back to the
1
the
local
palleu
1
1
: pallet area
: storage
:
I
MIN.
I
MIN.
I
I
1

1
I
1
I
1
1

-------------------------------------------L------4l.OO
_______ j ________ o.o4 ____________ j -·----~--------------------------------------------------~-----------------~
_______ Oa0l _________ j _____ O.Q1 __________ j ______ Q~Q1 ______ j _____ Q~Q1 __ . _____ J

Figure S.

{Continued)

A Completed Example PACASAC Input Form.

X.

Description of Forklifts
Travel Times for Forklifts are Fixed and Do Not Vary
1
I
I
---------------------------------------------------------------------------------------------------------~----------------

FT./MIN. that
lift will
raise

Travel time
to warehouse
from bagging
pallet site

ID of
forklift

Travel time
from warehouse
to bagging site

MIN .

MIN.

:Travel time
: from bagging belt
:area to outer pallet
: storage
:.
l
mN.

:
:
:
:
:

Travel time from
:
outer pallet storage:
to local pallet
:
storage including :
loading
:
l
MIN.
l

••. ••••••••••••••••••·=· ••...•...•••.•• ·:· ••..••.....•••. -~ ••........•.••••••• ·:· ..•.•.....••••••••.•• -~ ..• ~ ..•...•••..•••••. •
Travel time
from bagging
pallet area to
outer bag
storage
mN.
MIN.
1~----------------------L----------------L---------------I
•
I
I
Travel time
from local pallet
storage to bagging
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hauled in one
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0.04

:
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:

0.10
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Travel time
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storage to local
storage to bagging
bag storage
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including loading
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MIN.
MIN.
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I
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:
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:
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:
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:

1.00

:
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Figure S. (Continued)

A Completed Example PACASACS Input Form.
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EFFICIENCIES OF SYSTEM COMPONENTS
NOTE~

Calculations are based on the time the bagging machine is in

I
I

I
I

operation~

Actual amount of
material
processed

Amount of Material
which would
have been processed
if the component had
operated continuously

Component
Efficiency

Cleaner

479.7 BU.

480.0 BU.

99.9 %

Spiral Separator

469.9 BU.

540.0 BU.

87.0%

Bagging Machine

365.1 BU.

400.0 BU.

91.3 %

Men Who Do Bagging

365.0 BU.

600.0 BU.

60.8 %

:system Component

I

I

I
I

I

I

I

I

I

I
I
I
I·
I

I
I

I

Men Who Carry Sacks

:I

361.0 BU.

I

1115.4 BU.

I

32.4 %

1 ---------------------------------------------------------------------------------------:Forklifts
:I
360.0 BU.
:
5106.4 BU.
:I
7.1 \
I
I
I

I

I

I

I ----------------------------------------------------------------------------------------

Figure 6.

System Efficiency Output as Computed by PACASACS
for the System Described in Figure 5. Other
Output Relating to Event Tracing, Graphics and
Histograms is Also Available.

-- -- -- .J ______________________________________________________________________________
COMPONENT EFFICIENCY, %
.J--~-----------I
I

I

'

I

I

I

I

I
1

•I

Adding
Adding
Adding
Addi ng
Similar
Similar
Similar
Similar
I
I
:
:
Bagging
Bagg~ng
Pallet
Forklift :
.J ________________ .J1 _____________________________________________________________ .J
1
Person
Machine
Person
1
1

SYSTEM
COMPONENT

.JI
.J
1

I

1

Base
System

Cleaner

99.9

99.9

100.0

99.9

99.9

Spiral
Separator

87.0

87.0

87.0

87.0

87.0

Bagging
Machine

91.3

91.3

58.2

100.0

91.3

People Who
Do Bagging

60.8

30.4

77 .s

66.7

60.8

People Who
Carry Sacks

32.4

32.4

42.0

17.1

32.4

7.1

7.1

R.6

7.1

3.5

Forklifts

----------------~-------------------------------------------------------------

TABLE 1:

The system efficiencies predicted by PACASACS when independently
adding one additional man or machine unit to the base system.
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SEED PLANT DESIGN
L. S. Beckham

11

Putting together a successful seed cleaning operation involves much
more than buying a cleaner, some elevator legs and starting to clean
seed. An efficient operation is the combination of several components
into a coordinated system that is labor, energy and capital efficient.
Designing such a system involves the combination of balanced subsystems
with provisions for logical expansion.
We have developed the following checklist for formulating requirements for expansion. The checklist will assist you and your design
engineer in tailoring a system to meet your needs.
Considerations for Seed Plant Building and Expansion
Type of Plant:

1.

- - - New

- - - Addition

- - - Wholesale

- - - Reta i 1

- - - Custom

Commodities to be Conditioned:
Corn

Wheat

Soybeans

Oats

Edible Beans

Grass Types

Other
2.

Types of Varieties (if more than one)

3.

Expected Foreign Material or Other Crop Seed to be Removed and
Approximate Percentages:

11 Dr. Beckman is President, Ag-Machinery and Safety, Inc. (AMOS),
Lafayette, IN.
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4.

Type of Treating or Inoculating.

If Required:

Operation:

1.

Length of production season:

2.

Working hours per day:

3.

Days operation per week:

4.

Size work force:

5.

Cleaning capacity per hour:
a.

6.

Receiving

b.

Finished seed:

Types of Cleaning Equipment Required :
a.

Type of cleaning
___ Scalp

___ Top &, Back Air

Sift

___ Scalp & Sift ___ Top Air Fan
b.

- - - Botton Blast Fan

Type of cleaner
Receiving

Rough

Cleaning for grade

- - -Fine

- - - Seed

% Efficiency required
c.

Types & sizes of separating equipment required :
Spirals

Discs

Aspirators

Gravities

- - - Cylinders

Width & Thickness Graders
d.

Types of conveying equipment required:
- - - Vibrating

- - - Belt

___ Drag Flow
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e.

Types and location of bean ladders and traps required:

f.

Other cleaning equipment required:

Faci 1ities:
1.

Receiving Methods:

- - - Bulk &Quantity

___ Bag & Quantity

Wi 11 more than one commodity or variety be received at a time?

- - - Yes

No

If yes, how many and what types?

- - - Truck

Rail

- - - Other

___ Is truck dumper required?
2.

Storage Facilities:
Existing:
a.

Type:

b.

Amount:

c.

Show layout on attached sheet

New:
a.

Type:

b.

Amount:

c.

Is aeration required:
If yes, amount of C.F.M. per bushel:

d.

Drying storage:

Yes

- - - No
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3.

Type of In-process Storage:
Total amount bushels needed:
Number of bins:

Size of bins:

Type of bins:
Number and size of bulk holding clean seed bins:

4.

Number and Size of Holding Bins Ahead of Bagging:

5.

Speed and Type of Bagging Operation:

6.

Method of Movement of Finished Seed from Bagging Operation:

7.

Is Clean Seed Bulk Load-Out Required?
- - - Yes

8.

9.

- - - No

Size and Type of Warehouse Required:
a.

Square footage:

b.

Total bags required:

Scale:

10.

Truck Dock Needs:

11.

Power Avail abi 1ity:

NOTES:

___ Single Phase

- - - Three Phase
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SOYBEAN ·SEED QUAUTY DURING CONDITIONING
Manjit K. Misra

11

The purpose of conditioning is to upgrade the quality of harvested
seed for marketing. Nevetheless, a loss in germination and quality of
soybean seed may occur during conditioning for certain seedlots. The
problem may be magnified when the seed is conditioned either in cold
weather or when the seed moisture content is low.
One of our research projects funded by the Iowa
Association is to investigate the loss is quality of
during conditioning. The specific objectives of the
determine the damage to soybean seed at each step of
handling from receiving to bagging so as to identify
of damage, and to recommend remedial measures.

Crop Improvement
soybean seed
project are to
conditioning and
the major sources

The proposed duration of the project is three years. This article
reports the procedures used and the results obtained during the first
year.
The cleaning equipment included in this study were: air-screen
cleaners, spiral separators, gravity separators and duo-aspirators.
These are commonly used in soybean seed cleaning. Some seed conditioning plants, however, did not have all of these machines in the
cleaning line. The sequences in which the cleaning equipment were
arranged in line also varied from plant to plant. Various types of
elevators and conveyors were used to handle the seed into and away from
each piece of cleaning equipment. Seeds were also moved from one location to another by dropping them through gravity spouts.
Samples were collected in moisture-proof bottles before and after
the seed passed through each piece of cleaning and handling equipment.
Seed quality was measured in terms of standard germination percentage.
The mechanical damage to the seedcoat was determined by the sodium
hypochlorite soak test. The percentages of splits in the unclean
samples were measured by passing the samples through a 10/64-inch
slotted screen. Ten seed conditioning plants cooperated in the study

11 Dr. Misra is Seed Conditioning Specialist, Seed Science Center,
Iowa State University, Ames, IA.
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providing a geographic representation across Iowa. In total, 37 soybean
seedlots consisting of 14 varieties were included in the study.
Soybean seed quality data at each step of conditioning averaged
across all the seedlot~ are plotted in Figure 1. The data indicate
that, on average, the cleaning equipment upgraded seed quality. However, loss in seed quality did occur for 18 seedlots. One such seedlot
in w~ich severe reduction in seed quality occurred is shown in Figure 2.
The reduction in seed quality in this and other seedlots usually occurred during handling which offset the good done by cleaning equipment.
An analysis of the soybean seed quality during conditioning as
influenced by various cleaning and handling equipment across all samples
as shown in Figure 1 follows. The first operation in the cleaning
line was elevation of the seed from the dump pit to the cleaner. The
reduction in seed quality that occurred during this phase averaged 0.5%
as measured by germination and 1.24% as indicated by the sodium hypochlorite test for mechanical damage. With some seedlots, this step
proved to be one of the most serious sources of damage and reduced the
germination by as much as 5%. The air-scre~n cleaner was found to be
the single most effective piece of equipment for cleaning soybean seed.
The improvement in germination averaged across all seedlots was 1.5%.
The cleaner also removed an average of 2.6%mechanically damaged seeds.
Spirals, on average, did not improve germination. This is possibly due
to the mechanical damage to seed during the operation which averaged
0.6% for all seedlots. Spirals work on the principle of separating on
the basis of shape (round seeds from non-rounds) and should only be used
on seedlots where such separation is necessary. The gravity separator
in this study increased the germination an average of 2.1 percentage
points. It also removed an average of 1.5% of the mechanically damaged
seeds. Improvements in seed quality were noted for about half of the
aspirators included in the study. Further investigation indicated that
the ineffectiveness of the remaining aspirators (usually older models)
might be corrected by taking the following measures:
a.

Keep the feed hopper full at all times.

b.

The feed roll in older model duo-aspirators is made of steel.
It may be worthwhile to replace the steel feed roll with a
rubberized feed roll.

c.

The inclined plate below the first duct inside the aspirator
should also be rubberized.

Locations at which reduction in seed quality occurs in a cleaning
plant can be identified by analyzing samples at each step of conditioning and can be a valuable tool in quality control. Seed companies
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Soybean seed quality during conditioning
averaged for all 37 seedlots.
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are encouraged to do this, particularly in a new or modified plant.
Strive to minimize the loss of seed quality in handling the seed from
one piece of equipment to another since poor handling can reduce or even
eliminate the beneficial effects of cleaning.
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- SPECIAL PURPOSE SEPARATORS
Edgar R. Cabrera

11

In clinical seed conditioning we are interested in more than basic
cleaning of seed. The physiological quality of a seed lot, in many
cases, can be upgraded and specific contaminants removed. The air
screen cleaner is a basic conditioning machine which removes undesirable material by means of screens and by running them through the
air screen cleaner. Most often, however, certain contaminants or
undesirable materials remain in the lot after they go through the airscreen cleaner and we have to rely on other machines to eliminate them.
In some instances the contaminants can be removed by sizing equipment
(disc separator, cylinder separator, width and thicknee grader) or by
other machines categorized as 11 Special purpose seed cond i tioning equipment.11
A seed lot can be physically upgraded by removing inert material,
weeds, and off-type seeds. Moreover the physiological quality of a
seed lot can be upgraded by removing some seeds which being diseased,
insect damaged or immature, do not germinate.
All seed conditioning equipment makes use of the physical properties
or characteristics of seeds to effect separations. For any two seed
kinds or a kind of seed and a contaminant to be separated, they must
differ in at least one physical property.
Special purpose separations are effected by taking advantage of
differences in the follov1ing physical characteristics of seed:
1.

Shape (degree of roundness)

2.

Weight (specific gravity)

3.

Seedcoat texture

4.

Affinity for liquids

5.

Electric conductivity

6.

Color

l!Mr. Cabrera is with the STL, MSU.
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Special Purpose Conditioning Equipment
Spiral Separator (Shape or Degree of Roundness)_
In some instances the dimensions of a contaminant are so close to
those of the seed being conditioned that a separation by the air screen
cleaner and sizing equipment is not possible. This is the case of soybeans contaminated with giant morning glory or purple moonflower (Ipomoea
turbinata) seed. Soybean seed do differ from purple moonflower seed in
degree of roundness (or shape) - moonflower seed have two flat sides.
This difference permits their separation by the spiral separator.
The spiral separator basically consists of a series of sheet metal
flights spirally wound around a central tube. In the older style
(Krussow style) the flights are surrounded by a separate outer spiral
which receives the round seed for discharge separately from the
less-rounded seed (Figure 1). The new models such as the AMOS no
longer use the outer spiral. The spiral flights are placed inside
a metal box with the appropriate discharge openings (Figure 2).
11

11

11

11

Seed fed into the hopper fall onto the spiral flights and begin
to roll or slide down the flights. Those seed which are round will
roll faster and attain a velocity which causes them to roll over the
edge of the flight under the influence of centrifugal force. They are
co 11 ected by the outer spi ra 1 (in the Krussow type) or at the bottom
of the box (as in the AMOS) and spouted out of the machine. Seeds or
particles that have a lesser degree of roundness do not readily roll
but instead continue to slide down the flight toward the bottom of
the spiral flights where they are discharged.
The only significant adjustment that can be made on the spiral
separator is the rate of feed which consists of moving a disc that
contains various size holes until the desired size is directly in
the bottom of the hopper in the Krussow type, or by placing the plate
with the appropriate diameter hole in it at the feed end of the enclosed type spiral. Another adjustment is the use of fingers to
retard the movement of the seed and direct them toward the central
axix.
11

11

Gravity Table (Density or Specific Gravity)
Seeds of identical dimensions but differing in specific gravity
or density can be separated with the gravity table. A density separation is essentially an air flotation process by which the seeds are
first vertically stratified in a rising air column according to density
(Figures 3 and 4). The layers are then separated horizontally on the
deck of the gravity separator.
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~
FLAT SEED

Figure 1.

Krussow Spiral Separator.

ROUND SEED
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FEED

INTAKE

ROUND~

SEED

FLAT SEED

Figure 2.

AMOS-type Spiral Separator.

A

Figure 3.

B

Gravity Table. (A) Fan intake closed; no stratification. (B) Proper volume
of air flow through the deck; the seed layer is stratified. (C) Excessive
volume of air flowing through the deck breaking the stratification.
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HEAVY SEED

LIGHT SEED

_,....__

D

Figure 4.

Gravity Table.
be separated.

Once the seed have been stratified, the different layers can
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The gravity table makes use of fans and 11 Vibration 11 to accomplish
a density separation. Air is either pulled or faced up through the
deck to stratify the seed layer. The deck is slightly inclined toward
one side and vibrates in a semi-elliptical motion toward the high side.
Once the air is adjusted properly, the light material is lifted and
suspended on an air cushion, while the heaviest material remains in
contact with the deck. Because of the inclination to one side, the
light material flows 11 down hil1 11 to accumulate across the lower side.
The heavier seed overcomes the air pressure and remains in contact
with the deck surface and moves toward the higher side and end as it
is pitched up by the deck motion. The deck is also inclined perpendicularly to the direction of vibration leading toward the discharge
end of the machine, thus allowing the seed to move down hill and
eventually discharge at the front high edge of the deck. The use of
gravity tables in the seed industry has increased as seedsmen become
more aware of the importance of selling higher quality seed. For
instance, acid delinted cottonseed is greatly upgraded by removing
most immature seed which is light in nature and low in quality.
Despined cockleburs can also be eliminated since they have a lower
specific gravity than fully developed cottonseed. The gravity separator is also used (along with the aspirator) as the finishing machine
for corn seed.
Lots of certain kinds of pasture seeds such as Bahiagrass can be
upgraded with the gravity table. Other typical uses are for sorghum,
cowpea, soybean, and sunflower seed.
Overall, the gravity table is one of the most important and versatile
pieces of equipment for conditioning seed.
Air Separators
Any particle that falls through the air encounters a restraining
force due to the resistance of air. This restraining force increases as
the air velocity increases until a certain speed is reached at which the
particle can be practically suspended on the rising column of air. This
speed is known as terminal velocity. Contaminants and seeds, even
within the same lot, can have different terminal velocities. Air separators take advantage of this difference to effect a separation.
Air separators are divided into pneumatic separators and fractionating aspirators. The pneumatic separator forces air into a separating chamber into which the seed mixture is fed. The light material
is lifted by the uprising air column and is discharged .at the high end
of the column, while the heavier seed, having a greater terminal velocity overcome the air current and are discharged at the bottom of the
column (Figure 5).
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Figure 5.

Penumatic Separator.

Seed flow diagram.
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In the fractionating aspirator the air is not forced-in but rather
pulled through the chamber as the fan is located at the air discharge.
The seed is fed from the hopper into the air column. The heaviest seed
fall against the air flow and out of the air stream, while the lighter
seed and contaminants -are lifted _by the air column which is constructed
at an even widening angle causing a gradual decrease of air velocity,
and allowing seed and contaminants to be discharged at two or three
different outlets depending on their terminal velocity (Figure 6). The
use of the aspirator has greatly increased in the last few years,
particularly in the hybrid corn industry. The overall capacity of a
conditioning plant can be increased by running the dimensionally graded
seed through the aspirator to separate the heaviest seed. The lifted
fraction can then be conveyed to a gravity table which will more precisely separate it by weight.
If we were to make a summarized comparison between the gravity
table and the aspirator we could say that the gravity table performs a
more precise separation, but at a lower capacity. The aspirator is not
as precise as the gravity table, but has a considerably greater capacity
and can be more easily adjusted.
Roll Mill (Surface Texture)
The roll mill, also known as 11 doller mill 11 , is another finishing
machine useful in situations when there is a difference in the shape or
surface texture of the good seed and the contaminants. For instance,
curly dock as well as sorrel and wild carrot can be removed from several
In fact, one of the machine's
types of clovers with the roll mill.
names - dodder mill - is derived from the separation for which it was
originally designed, i.e., to remove dodder from alfalfa.
Two metal rolls covered with a velvet-like material are positioned
side by side, slightly touching each other. When viewed from the top,
they rotate outwardly in opposite directions. They are mounted at an
angle that can be adjusted between 7 and 13 degrees. A metal shield or
baffle which conforms very closely to the upper shape of the rolls is
positioned directly over the pair of rolls, and its distance from the
rolls can be adjusted.
As the mixture of seed is fed onto the top of .the rolls, the seed
move downhill between the rolls because the rolls are inclined. Seeds
or particles with rough texture get caught by the velvet-like material
and are tangentially thrown against the baffle, which deflects the seed
back to the outwardly rotating roll. This takes place several times
until the rough seed is actually thrown 11 0ver 11 the rolls and collected
in bottom bins (Figure 7). The length of the rolls varies from one

,,

AIR CONTROL
LEVER

Figure 6.

AIR CONTROL
DAMPER

Fractionating Aspirator. Seed flow diagram. (A) feed intake;
(B) heaviest seed; (C) air separation area; (D) next heaviest seed;
(E) third heaviest seed; (F) lightest particles.
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Figure 7.

SMOOTH TEXTURE SEED

COVERED

ROLLS~

Roll Mill. Cross section of a pair of rolls illustrating the principle of
separation.
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machine to another, and so does the number of pairs of rolls. Capacity
is determined by the number of paired rolls in the machine. Usually
there are three seed collecting bins at the bottom of the machine. The
rough seed/smooth seed ratio discharged in these bins is greatest
closest to the feed end. The smoothest seed continue to slide betweeen
the rolls until they discharge at the end. The seed collected in the
bottom bins can be recirculated after re-adjusting the machine to recover some of the previously rejected smooth seed.
Magnetic Separator (Surface Texture)
On some occasions certain crop seeds with a smooth seedcoat are
contaminated with rough seedcoat textured weed seed or inert material,
which cannot be separated by other machines because of their similarities in other physical characteristics. Such contaminants can often be
successfully removed by the magnetic separator.
The principle of separation lies in the fact that rough, granular
or sticky surfaces (seed coverings) when carefully wetted can retain
finely ground iron powder. Thus, if they are exposed to a magnetic
field they can be 11 pulled 11 away from the smooth surface seed which do
not have iron powder adhering to them.
Most magnetic separators accomplish this with three basic components. The feeding unit meters a uniform amount of seed into the
second component, the mixing unit. In the mixing section a certain
volume of water is applied to the seed, mixed well and then exposed to
finely ground iron powder. The mixture is again mixed and conveyed to
the third component, the separating unit. Usually the separating unit
is made up of one or more magnetized drums. As they rotate, a uniform
one seed-thick layer of the mixture is passed over the drums. Those
seed or particles which retained the iron powder remain attached to the
surface of the drum by magnetic attraction and are brushed off or
gravity removed at the underside. Seeds with a smooth surface, not
retaining a considerable amount of powder, pass over the drum and are
discharged as clean seed (Figure 8).
The magnetic separator has been very useful in removing dodder,
buckhorn plantain, and other weed seed from seeds such as sericea
lespedeza, alfalfa, vetch, and different kinds of clovers. Every lot
requires some previous experimentation to come up with the ideal rate of
feed, volume of water and amount of iron powder applied, since different
proportions are required for different weed seed/ crop seed combinations.
Electric Color Sorter (Color Differences)
The electric color sorter is regarded as a specialized finishing
machine. It is utilized to sort particles that differ in color or
brightness from that of the commodity being cleaned.
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2

Figure 8.

Magnetic Separator. Rough seed that retain a coating
of iron powder are brushed off the magnetic drums and
discharged through spouts 2 and 3. Smooth seed pass
over both rolls and discharge into spout 1.
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Color sorters are provided with a precise feeding mechanism that
allows a continuous flow of single seeds through the sorting area.
The color sorter makes use of photoelectric cells to sense those particles of different color or brightness than the desirable seeds. A
photoelectric cell compares the color and brightness of each seed
against a background color. Light is continuously being reflected
from the background creating an unbroken flow of electrons to the
photocell. When a seed or particle with different color or brightness passes between the electrocell and background it reflects a
different quality and/or quantity of light which the photocell senses
and in turn activates a rejection system. Generally the rejection
system consists of an air nozzle that · is activated exactly when the
unwanted seed or particle passes in front of it. The unwanted seed
or particle is then diverted from the product stream into the reject
chute. Acceptable seeds continue their freefall into the accept
chute (Figure 9).
Improvements in electronics have allowed the manufacture of
compact, more reliable and easier to service machines. Higher capacities are achieved by placing many color sorters in parallel. Some
particular models have front and rear photocells (viewers) for each
channel conveying the stream of seed, using either tubular or circular
fluorescent lamps to provide an even lighting to the backgrounds and
product surfaces.
Color sorters are being used by plant breeders and Foundation
Seed operations to purify genetic materials. They are also important
in the bean industry as well as many other types of operations such as
cleaning pecans, coffee, beans, peanuts, etc.
Electrostatic Separator (Electrical Properties)
All seeds have or can be induced to intensify certain electrical
properties, namely, polarity and conductivity.
The electrostatic separator makes us of differences in these
characteristics among seed to perform a separation.
Basically an electrostatic separator consists of a feeding mechanism, a separating area energized by a positively or negatively charged
electrode and divided compartments for receiving the separated material.
The seed flow from a hopper bin onto a vibrating or belt conveyor
with adjustable speed. In most of the conventional units, the seed
are then discharged on a grounded rotor or belt which continues to
move them forward and discharge them into the electric field created
by an electrode placed several inches away from the rotor. Several
compartments receive the separated material.
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Electric Color Sorter.

Seed flow diagram.
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Separation is accomplished on the basis that like charges repel
and unlike charges attract. Separations can also be made when the
particles acquire different strengths of charge. When material is
passed through an electrostatic field, those particles charged oppositely from the electrode are attracted toward the electrode, being
lifted away from the normal pattern of flow and thus separated from
the rest with the dividers (Figure 10). This separation is performed
based on differences in polarity of the charge on the individual seed.
A separation can also be made taking advantage of the degree of
insulating value of each seed. A high tension field is discharged by
a very fine wire electrode toward the grounded rotor. As the seed
are exposed to the high tension field, they are pinned to the rotor.
Some seeds which are not good insulators dissipate the charge as soon
as they move away from the field, and fall freely from the rotor .
Those seeds that are good insulators retain the charge much longer, remaining attached or pinned to the rotor until they are brushed off
falling in a different compartment (Figure 11).
Moderate insulators
react intermediately to the other two classes and their fall pattern
is largely determined by the speed of the rotor.
11

11

11

11

The same principles of separation apply to the electrostatic sorting
equipment manufactured by Helmuth Incorporated. Some of the modifications
include several fine wire electrodes in a rectangular frame providing the
electrostatic field. A grounded metal shield i s located across the
electrode assembly. The distance between the grounded shield and
electrode assembly can be adjusted (Figure 12).
The effectiveness of a separation performed with an electrostatic
separator is highly influenced by the environmental conditions as well
as the moisture content of the seed. However, good separations have
been accomplished when removing dock from red clover seed, hulled
Johnson grass from sesame seed, and pigweed from some lots of white
clover.
Summary
Many types of machines are available for effecting specific separations of contaminants from seed. Analysis of the purity problem
is necessary in order to identify the physical property difference
which can be used to effect a separation.
11

11
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DIMENSIONAL_SEED SEPARATIONS
Stephen L. Cashman

11

Length Separators
Seeds with identical or nearly identical widths and thickness can
be separated on the basis of their length differences. Existing designs
of length separators are of two basic types: the Disc Separator and the
Cylinder Separator. Both designs have the ability to lift short seeds
from an existing mass of material with a given pocket or indent size
which will reject particles of a longer nature.
Disc Separator (Fig. 1)
The Disc Separator incorporates a series of cast iron discs with
thousands of pockets, each disc rotating on a horizontal shaft internal
to the machine. As the discs revolve through the seed mass, the small
recessed pockets with an undercut lifting edge will accept particles
short enough to lodge in the opening, lifting this product and discharging it approximately 180° from the lift point. Common separations include wheat from jointgrass, morningglory from long grain rice and curly
dock from fescue.
In a common disc machine utilized to remove shorter contaminants
from a particular seed kind, various disc sizes are arranged from
smallest pocket size to largest on the horizontal shaft in the direction
of the seed flow. With this type of arrangement, smaller seeds are
lifted first while the larger seeds are lifted as the seed mass moves
toward to discharge end.
In the actual operation of the machine, the seed enters at one end
of the machine, discharging into the machine over 3 or 4 discs, and is
gently moved through the eyes of the discs by conveyor blades which are
mounted to each of the 3 spokes on each disc. These removable vanes are
offset in relation to the disc mounted ahead which creates an operation
similar to a screw conveyor to move the seed mass slowly through the
open eye of each disc. As the seed moves through the center of the

11

Mr. Cashman is with the Carter-Day Company, Minneapolis, MN.
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diagram of separating action.

Figure 2. Cross-section of an Indented Cylinder Separator.
A, cylinder wall with indents; B, adjustable trough that
catches short, lifted seed; c, separating edge of adjustable trough; 0, conveyor that conveys long, rejected material out of cylinder. Right: interior surface of cylincler.
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machine, each disc comes in contact with the seed mass, efficiently
seeking out particle .sizes short enough to be accepted by the respective
pocket and lifted them out of the seed mass. The conveyor blades and
spokes of each disc also act as an agitator, limiting stratification of
the seed as it flows down through the disc section. The disc rotor is
surrounded by a sheet metal skin which incorporates a receiving port
liftings discharge section and tailings or oversized long seed discharge
(which is incorporated opposite the feed end).
Disc Pocket Design
The actual disc pocket is formed into a cast iron plate and each
pocket is equipped with either a flat or rounded lifting edge which is
undercut, similar to an elevator bucket. as the disc passes through the
mass of seed at the bottom of the machine, short seed small enough to be
accepted and held by the pocket will be lifted by a combination of
centrifugal force and the capacity of the seed to be seated in the
undercut pockets. The seed is thus lifted or rejected based upon its
length and the actual position of its center of gravity. If the center
of gravity extends beyond the pocket lip, the seed is rejected. The
opposite end of the pocket is tapered, which allows the seed to discharge from the pocket in the same manner that an elevator bucket
discharges its load.
There are three types of disc pocket shapes available in various
sizes. The widths of the pocket size, measured radially from the
center of the disc, is in millimeters. On the V and R type pockets, the
length or height of the pocket is identical to the width, and the depth
of the pocket is approximately one half of the width.
The R pocket shape is designed with a flat lifting edge and a
tapered, rounded discharge edge. The pocket is designed in such as way
to reject round seeds but accept flat and elongated seeds such as buckwheat, Canadian thistle and yellow foxtail. The pocket gets its name
from rice because its original design was used exclusively for removing
broken rice from medium and long grain rice.
·
The V pocket shape disc is designed with a rounded undercut lifting
edge and a flat tapered discharge edge. The V pocket has a tendency to
reject elongated, cigar-shaped seeds that have no round surface to bear
on and have a tendency to tip out of the pocket. The V is designated
for vetch because the rounded lifting edge will accept-and lift seeds of
a rounded nature such as lambsquarters, spurge and wild mustard more
readily.
The various sizes of V and R pocket discs range from 2 1/2 to 6 1/2
millimeters in width of pockets, and 15 11 , 18 11 , 21 11 , and 25 11 disc diameters. The third disc pocket shape available is designated in letters
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denoting pocket size and has no numeral to indicate width, depth and
length, but are usually made in radial widths exceeding 3/16
The
pockets are all rectangular and are used to separate various crop seeds
from unwanted material. In all, there are 75 various pocket sizes
available, and common separations performed by lettered pocket discs
include the A pocket for separating wheat from wild oats, the B pocket
for separating barley from wild oats, and the J pocket for removing
broken rice from long grain rice.
11

•

In the actual operation of the disc machine, the most important
adjustment is the rotational speed of the discs on the shaft which is
constant and should not vary many RPM either side of 55 for best results.
Whether the machine is equipped with all the same pocket discs or
a combination of pocket sizes depends on how closely the seed mixture
has been sized previously. The operator must use the size and type of
discs depending upon the shapes and sizes of seeds typically in his
product which he would like to remove.
The disc separator is also equipped with a return conveyor mounted
on the liftings discharge side of the machine, which is covered by trap
doors (usually 1 trap door per disc) that can be opened allowing the
lifted material to drop into the conveyor which runs the opposite
direction of the grain flow and be returned to the head end of the
machine for rerun. This adjustment is utilized when a particular disc
or set of discs are lifting material out of the main product stream
which is undesired in the liftings fraction of the separation.
Capacity and efficiency of separation is determined by the ratio of
the number of small particles to be removed and the number of pockets to
do the job. Capacities range from 50 to 300 _bushels per hour on a
single disc separator. However, these capacities can vary according to
foreign material content and product.
Advantages of the Disc Separator
1.

Higher lifting capacity per square foot of floor space.

2.

Extremely long life; high wear resistance.

3.

Rerun adjustment and disc rotor flexibility.

4.

Low maintenance.

5.

Not affected by seed coat texture, density or moisture content of
seed.

6.

Performs well on lighter seed (less than 45 lbs. per bushel), i.e.,
grass seed.
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Disadvantages of the Disc Separator
1.

Application inflexibility - no quick change disc feature.

2.

Disc plugging (commonly only a problem when discs are new).
Indented Cylinder Separator (Fig. 2)

The Indented Cylinder Separator performs the same type of length
separation as the disc; however, it requires the additional physical
property of gravity to efficiently perform an effective separation. The
indented cylinder separator consists of a rotating horizontal cylinder
an a movable catch trough. The cylinder is indented with thousands of
equally spaced, semi-spherical indentations.
In actual operation, the seed mass to be separated lies in the
bottom of the cylinder as the cylinder rotates at a given RPM commonly
between 50 and 60 under the seed mass, lifting out the short seeds and
at some point before reaching the top of its rotation, the seeds drop
from the indent into the catch trough.
The combination of centrifugal force, specific gravity, weight of
the product and indent size lifts the shortest particles and carries
them the farthest from the seed mass. Next to fall from the indent is
the intermediate size seed. The longest seed falls out of the indent
only a short distance above the seed mass or are rejected completely.
Commonly the shortest particles are lifted first at the head end of the
machine because they find the bottom of the indent faster and are more
easily accepted and lifted by the larger indent.
Indent sizes within each individual shell are homogenous and are
described by numerical notation. The number indicates the uppermost
diameter at the top of the indentation in 64ths of an inch. For example: A #19 indent equals 19/64 11 in diameter. Sizes range from a #2
to a #60 and in all, thirty sizes are available. You want to choose the
indent size which will be large enough to satisfactorily lift all the
material to be removed without lifting an excessive amount of longer
seeds.
Material stratification can occur as the seed mass rolls gently
within the rotating cylinder. However, seed line conveyors are welded
to the bottom of the catch trough to gently but positively move the
product away from the receiving end of the machine down to the discharge
end of the machine. These stationary seed line conveyors also create a
mixing action, limiting product stratification. New models can be
equipped (as an option) with a seed stabilizer rod to prevent the
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product from swinging side by side, adversely affecting the separation
in low feed rate situations. This feature also limits product stratification and allows the machine to operate much more efficiently over a
wider range of feed rates.
The cylinder is commonly installed on a slight incline (approximately 2°) so that the machine will clean out quickly and thoroughly.
The catch trough can be quickly disengaged, tipped and dumped further
effecting clean out. The indented cylinder separator excels when
lifting material that weighs in excess of 45 lbs. per bushel. Seeds of
lighter bulk density have a tendency to float over the indent, not
finding the bottom, consequently, not being lifted. Therefore, the
machine is more practical for small grains and row crop seed than for
forage grass seed.
The speed of the cylinder dictates how long the seed accepted by
the indent will travel held in the indent before gravity overcomes the
centrifugal velocity component causing the seed to fall out of the
indentation. Therefore, at a specific catch trough setting, increasing
the RPM enables a given indent to lift accepted material farther from
the seed mass, or a decreasing RPM will allow the material to drop out
closer to the seed mass. The catch trough angle can be adjusted at the
setting which positions the trough edge for best separation. The
trough position will depend upon indent size, RPM, level of bank of
material and seed texture. Individual seed capacities will vary according to bulk density of seed, percentage of lifted material, closeness of the separation and slope of the machine. However, an optimum
capacity for an indented separator on an individual machine basis for
seed cleaning puposes would not exceed 100 bushels per unit per hour. A
new feature currently incorporated in the indented cylinder separator is
the inclusion of a split cylinder indent which is an indented drum split
longitudinally in two half moons which can be quickly removed through
the sides of the machine which are equipped with removable doors. This
allows the operator to interchange indent sizes when switching between
applications. As a footnote, within the industry there are several
sizes of indented cylinders available, ranging from 1]11 to 23 11 in
diameter and 60 11 to 90 11 long.
Advantages of the Indented Cylinder Separator
1.

Greater and easier adjustability; can perform a more precise
length separation.

2.

Easier to clean out.

3.

With split cylinder, provides a quick change indent feature
offering more flexibility.
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Disadvantges of the Indented Cylinder Separator
1.

Low capacity compared to disc separator.

2.

Has the ability to perform only one separation per size of indent.

3.

Does not perform as well on seeds weighing less than 45 lbs./bu.
Disc-Cylinder Separator

A combination of discs and cylinders within a machine offer the
seedsman the ability to remove both oversized and undersized foreign
material from the product stream at high capacities. The combined unit
incorporates the high capacity feature of a disc separator with the more
precise length separation capability of the cylinder separator. The
unit utilizing up to 8 different disc sizes and 2 different cylinder
indents within a single machine removes oversized and undersized
undesirable material by sizing the seed to 3 sizes of clean product:
short, medium and long.
The new redesigned disc-cylinder separator is equipped with drop
bottom doors under disc gnd conveyor areas of the machine with the
cylinders mounted on a 2 slope for quick and thorough clean out.
Currently two sizes are offered: the 2533-QC and 2566-QC models.
Capacities range from 300 to 600 bushels per hour seed cleaning applications.
Carter Precision Sizer
The prec1s1on sizer is a dimensional separator which makes separations on the basis of differences in the width and thickness of
seeds similar in theory to the dimensional separating capability of the
air screen machine. However, from a design standpoint there are
considerable differences.
The Carter Precision Sizer utilizes cylindrical perforated screens.
The product is fed into the center of the cylinder which revo 1ves on its
own axis at RPMs from 40 to 65 with a 12 11 diameter, 60 11 long cylinder,
and at 35 to 52 RPMs on the 18 11 diameter, 84 11 long cylinder. The
physical properties of centrifugal force and the weight of the product
enables the seed to find the aperture quickly. Due to the rotation of
the cylinder screen, the internal product is continually exposed to open
screen area, allowing the product to See more screening area in a
given amount of time, which increases capacity and screening efficiency.
It is not uncommon to achieve screening efficiencies of 98%+ as opposed
to a maximum of 85% screening efficiency on a typical flat deck screener
11

11
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regardless of screening motion. In actual operation the material feeds
in one end and it rolls and tumbles gently upon itself covering more
than one third of the perforations at all times -more than 14 of
circumference is covered the entire length of the cylinder to a depth of
3 to 4 in the 12 diameter, and 4 to 6 deep in the 18 diameter. It
requires a minimum of 1 minute for the product to travel from feed end
to tail end. The depth of material and the rolling action places a
gentle pressure on the particle to give, in effect, a mild press fit for
more accurate, uniform sizing.
11

11

11

11

11

11

11

The actual cylinder screens are available in three types: slotted
for thickness sizing, round ribbed and round recessed for width and
diameter (width) sizing. Sizes are designated in 64ths of an inch and
range from 2/64 11 to 32/64 for the slotted perforations and 2/64 11 to
12/64 for the round ribbed, and 12 1/2/64 to 32/64 for the round
recessed perforations. Over 95 various perforations are available.
11

11
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The cylinder screens are designed in such a way as to guide the
proper side or dimension of the seed to the face of the opening (Figures
3 and 4). For example, the slots perforated at the bottom of a corrugated groove with steeply slanted sides are to guide wafer shaped
particles as much as 6 times as wide as thick so they can be tipped on
edge to pass through the screen. Corrugation not only tips the particle
on edge, but also lines it up parallel to the slot direction to guide it
through. Stratification is impossible, so all particles regardless of
weight, shape or texture come into contact with apertures due to tumbling
action of the cylinder. The round hole perforations are made in two
styles. The larger holes (including the 12 1/2/64 are perforated at
the bottom of a deep recess or indentation. The deep recess which could
not work on a flat screen, can upend a particle as much as 3 to 4 times
as long as its diameter. A different screen construction is used for
round perforations smaller than 12 1/2/64
In these smaller perforations
a deep rib running lengthwise down the cylinder gives rigidity, efficient tumbling action to eliminate stratification, and a much more open
area than could otherwise be obtained.
11 )

11 •

In addition to the selection of sizes and styles of perforations,
there are various accessory separating aids which include a stationary
inclined baffle plate inside the cylinder used on slotted screens to
increase agitation and help convey when handling slick, elongated seeds
such as oats, barley and wheat. In the larger round recessed perforations wide agitator blades are fastened on the inside of the cylinder to
aid in tumbling large slick grains which are long and narrow, like corn.
Both of these accessories prevent sliding of material on the rising side
of the cylinder wall.
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Figure 3. Schematic view of a shell used to make width separations
(width).

Figure 4.

Schematic view of a shell used to make thickness separations
(thickness).

84

Keeping the perforations clean and efficient is accomplished by a
five bladed power driven rubber tapper which rapidly but gently taps any
particles sticking in the perforations back into the cylinder.
Some typical applications are as follows:
A.

Removal of splits from soybeans, edible beans and peanuts.

B.

Sizing of seed corn for precision planting.

C.

Removal of cheat and thin wheat from wheat.

D.

Removal of cocklebur from cotton seed.

E.

Removal of wild onions from fescue.

F.

Removal of wild oats from barley, oats and durum wheat.

G.

Precision sizing of barley, oats, wheat and rice.

H.

Separation of red rice from long grain rice.

Advantages of the Precision Sizer
1.

The ability to perform extremely near sized separations at
high efficiencies.

2.

High capacity.

3.

Ability to interchange screen perforations quickly.

Disadvantages of the Precision Sizer
1.

Limited flexibility; commonly one separation performed per
machine.
Summary

Dimensional sizing separators can effect separations that cannot
be more, or made as precisely, with other machines.
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SMALL GRAIN SEED PRODUCTION
Charles C. Baskin

11

There are a number of things common to any good seed production
program, whether it be small grains or any other crop. Production of
good quality seed begins in the field. Field selection is the first
step and a very important one because it sets the stage for everything
else related to production of the seed crop.
Field Selection
Seed are more valuable than grain; therefore, our most productive
fields should be devoted to seed production. Potential weed problems
should also be given high priority. It is much simpler to avoid a weed
problem than it is to try to remove the weed seed from the grain in the
cleaning process. Problem weed species vary from one area to another.
Wild garlic and wild onion are wide spread. Vetch or similar species
are weed problems in small grains and are also fairly wide spread.
Other weed species may be problems in specific areas. Information about
localized problem species would be available from Seed or Crop Improvement Associations and Extension Services.
Weed Control
At the present time control of wild garlic is poor to impossible.
Fields where this weed is present should be avoided for seed production.
Ryegrass is a problem in many areas. Chemical control measures are
available in some but not all areas. Small grains mature before ryegrass in the Southeast. Green ryegrass seed and other plant parts, if
not removed before storage, can cause heating to the point that seed are
killed.
Where herbicides are used, proper and timely application is important, sometimes critical. Localized recommendations are available from

11 Dr. Baskin is Extension Agronomist (Seed Specialist), Mississippi
Cooperative Extension, Service, MSU.
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your Extension Service or Agricultural University. Localized recommendations are very important because rates and reactions vary from one area
to another and crop damage can occur.
It may be necessary to inspect fields a year in advance of planting
to be sure that there are no unmangeable weed problems. A knowledge of
prior herbicide usage is also necessary. The triazines on corn or
sorghum and Zorial on cotton are some examples where residues may be
damaging to the following grain crop.
Other factors to consider in field selection are relative ease of
harvest, location in relation to storage and other facilities and location as to requirements for isolation.
Cultural Practices
Seed bed preparation can determine what kind of stand you get and
can also determine seeding rate. In Mississippi, recommendations on
seeding rates are based, in part, on the type of seed bed preparation.
If seed are planted with a grain drill on a well prepared seed bed, 60
pounds of seed per acre are adequate. If seed are broadcast and disked
in, 90 pounds of seed per acre are required, and if the seed are flown
onto soybeans prior to leaf drop (with no seedbed preparation), 120
pounds of seed per acre are necessary. Seeding rate recommendations
vary from area to area. Localized recommendations are available.
Seed treatment can improve seedling survival 10 to 15% by reducing
the effect of seed rots and seedling diseases. Smut can be a problem
and can be controlled only by seed treatment. A systemic fungicide such
as Vitivax is recommended. Systemic fungicides are usually used in
combination with other protectant type fungicides.
Fertilization is extremely important in optimizing yields. As with
other practices base your fertility program on local recommendations.
Soil testing is an excellent way to know what is actually needed.
Timing of nitrogen is important. The early stages of plant development
require little nitrogen. The greatest demand begins at the time of stem
elongation and continues through grain maturity. Over-fertilization
with nitrogen will delay maturity, cause lodging and make plants more
susceptible to disease. In fact, it may be desirable in some areas to
apply a little less nitrogen than is required for maximum yield to
minimize lodging and disease problems.
Disease Control
Disease control may also be necessary to optimize yields. Application of fungicides for the control of such diseases as rust, Septaria,
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powdery mildew in the south and other diseases in other areas may be
required.
Isolation
Isolation is required to maintain purity. Isolation distances vary
depending on what species is being produced. Greater distance is required for rye, for example, than wheat because rye is cross-pollinated.
Requirements for isolation are established by the respective seed or
crop improvement associations and are available on request.
Insect Control
Insect control may be
depend on local conditions
some areas, army worms and
is generally controlled by

necessary in some areas. This, too, will
and recommendations. Aphids, greenbugs, in
other insects can reduce yield. Hessian fly
planting dates.
Harvesting

Timely harvesting is necessary with small grains. Although small
grain seed may not be as susceptible to weathering damage as for some
other crops, seed quality can be reduced by delayed harvest. Like many
other crops, small grains can be harvested at moisture contents that are
too high for safe storage and dried thus eliminating a great deal of
potential weather damage. Although small grain seed are not susceptible
to mechanical damage as soybeans, for example, proper adjustment of
harvesting and handling equipment is necessary to prevent mechanical
damage.
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QUALITY ASSURANCE PROGRAM FOR SMALL GRAIN SEED
Ronald E. Hagar

11

So you've made the decision to go into small grain seed production.
In planning for your small grain seed program, you've decided that you
need some type of quality assurance program. Let's take a look at what
goes into a quality assurance program.
The First Step
The first step is company acceptance. The company must be behind
the quality assurance program. Without company support, a quality
assurance program cannot function. Every employee of the company must
be quality oriented. Team work is the key to a quality product.
Source of Seed
To produce a quality crop you must begin with quality seed; seed
that is genetically pure, weed free and high in germination. If your
planting seed is mixed at planting, your production will naturally be
mixed. Choose your source of planting seed carefully. Upon receipt of
the seed, have your laboratory pull a sample and test it. Also, have
the State Department of Agriculture pull a sample for testing. In my
opinion, seed cannot be sampled and tested too many times. For wheat,
the Phenol test is very useful in varietal identification. True, some
varieties have the same phenol reaction, but many do not. For oats, the
11 Black Light 11
is very useful for varietal identification. In other
words, use every method available to insure that you have the best
possible seed to plant.
Production Sites
Now you've obtained your planting seed and are prepared to begin
production. Are you going to use contract growers or company land? A
close working relationship with your grower is a must. Clean, welldrained land should be chosen for production. Do not attempt to produce
a small grain seed crop on ground that you know to be contaminated with

11 Mr. Hagar is Director, Quality Control, Terral-Norris Seed Co.,
Inc., Lake Providence, LA.

90

FIGURE 1
SUMMARY
QUALITY ASSURANCE PROGRAM FOR SMALL GRAIN SEED
1.

Company acceptance and support of program.

2.

Establishment of procedures and standards.

3.

Teamwork among all personnel involved.

4.

Highest qualitY seed used for planting,

5.

Careful choice of land and growers for production.

6.

Thorough clean-out and inspection of all equipment Planters to truckbeds.

7.

Periodic field visits and inspections.

8.

Timely and careful harvesting,

9.

Aeration/drying as needed.

10.

Proper and adequate conditioning,

11. Storage in

clean~

cool warehouse.

12 . Sampling and testing at every step,
13.

Review of records.
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wild onion or garlic. Check the land requirements of your state's seed
certification regulations. Most states require the land to be out of
small grain production for a minimum of two (2) years, unless you are
planting the same variety, same certified grade, or less. In other
words, you could plant Registrered Doublecrop wheat on the same land
year after year. But, if you change varieties, a two year lay-off would
be required.
At planting, inspect all planting equipment to insure proper cleanup. If more than one variety is to be planted, have all equipment
cleaned carefully to insure varietal purity. If a field is to be split,
make sure proper isolation is maintained.
Field Inspections
In early spring, start monitoring the fields. Pay close attention
to weed and other crop contaminations. If weeds or other crops start
developing, a control program should be initated early. Certain control
measures such as 2-4-D spraying have deadlines for application. After
certain dates, the chemical cannot be applied due to state and local
laws. Therefore, early identification and control is necessary. Maintaining a close watch over your production will enable you to do a
better job at harvest.
Harvest
Harvest time approaches and now other areas must be given attention. Are your storage bins ready to receive the seed? Is the grower
going to use on-the-farm storage? Have the combines, grain carts, etc.,
been thoroughly cleaned? These are areas that must be checked.
Let's look at what the grower must do. Combines, grain carts, and
trucks must be thoroughly cleaned? Any one of these areas can cause you
trouble. Let's look at an example. A grower planted treated seed rice
by air and in doing so, used his grain cart to load the aircraft.
During the previous winter, he thoroughly cleaned his combines and also
his grain carts and trucks, but he didn't reclean the grain cart used
for the rice seed. The grower begins to harvest his small grains and
contaminates it with a few grains of treated rice. To the grower, a few
grains of rice in a tractor-trailer load of grain is not going to hurt
anyone. WRONG! He has failed to realize that it takes only one grain
of treated seed to reject the load, not only for seed, but for mill
purposes also. This is only an example of what can happen. Prior to
harvest, remind all growers of this situation.
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Bulk Storage
If farm storage is to be used, check all bins. Have the bins
thoroughly cleaned and treated properly for insect control. Don't
forget to check under the floor.
Small grain seed are havested at a time when the outside temperature is climbing, thus not usually affording the farmer with the usual
dry, cool conditions of fall. Therefore, the small grain seed should be
harvested at a moisture of 13% or below. If the seed are to be stored
on the farm for a long period of time, an additional insecticide treatment at the time the seed are placed in the bin is recommended. Be sure
to maintain a constant vigilance for heating, insects, etc.
Conditioning
Maintain a close working relationship with all personnel in your
operation. Personnel in the receiving area and unloading area must be
informed at all times. Instruct your receiving personnel as to what
standards are to be used. Maintain a list at this point in the unloading area as to the names of the growers, the variety and class they
are producing. The field personnel must notify the receiving personnel
as fields are inspected and approved or rejected, thus insuring that no
seed enters the plant that did not meet field standards.
As the seed enters the receiving area, take a sample of each load
as it goes into a bin. The sample should be taken to your seed laboratory, if one is available, and tested for genetic purity, weed content,
and germination. A portion of this sample is combined into a large
composite sample for future use. Do not mix high moisture seed. Keep
your high moisture seed separate for drying. High moisture and insects
are two of small grain seed's worst enemies. If more than one variety
is to be dried, the drier must be cleaned between varieties to maintain
the genetic purity. Time is essential in handling high moisture grain
seed. Do not allow the seed to heat over 95-lOOF.
Once you have the grain seed dried and stored, don't forget it.
Your bins should be equipped with a temperature sensor every six (6)
feet apart. Maintain a close watch for any change in the temperature.
If you have a point that starts to heat, turn your air on. If the area
continues to rise, either move the grain or circulate it in the bin.
The main point is to constantly monitor the temperature and take corrective action immediately.
Now you are ready to condition seed. Is the seed cleaning plant
ready? Thoroughly inspect all equipment with which the seed will come
in contact. Since you maintained a sample of the seed as it entered the
plant, you can visually observe the seed and make the proper cleaning
decisions. The knowledge of what is in the seed is of great importance
in the conditioning step.
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During conditioning, the seed laboratory personnel must monitor the
seed constantly. Bagging is a very expensive operation. Why bag the
seed if it does not meet your quality standards, or the certification
standards. The time to catch a problem is before the seed is bagged. A
solution to this problem is to condition the seed into another bulk
storage area. Maintain a sample all though the process and then evaluate the seed. The Tetrazolium test and the Phenol or Black Light tests
are very important parts of our operation. In twenty-four (24) hours or
less, you can notify the bagging crew to start bagging with the satisfaction of knowing that the seed are okay.
Storage
In storing bagged seed, maintain dry, cool conditions. Keep all
areas as clean as possible. Flag any lots in the warehouse that need
special attention. Remember, you still must exercise control as long as
the seed are in your possession.
Key to Quality Assurance
The key to any quality assurance program is control. You must be
able to have complete control over the production from the acquisition
of the planting seed to the final product in the bag and its delivery
into the distribution net. Any one area not properly cared for will
only cause all other efforts to be in vain.
Remember, it is your seed the farmer is going to plant. The seed
company that wants to stay in business must produce the highest quality
seed possible. A good quality assurance program is a major asset to
both the farmer and the seed company.
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HAZARDS OF THE SEED BED
Gary A. Reusche 11
When seeds are planted, this act signals the initiation of a
series of processes which eventually lead to the emergence of the seedling and subsequently its development into a mature plant. The seed is
planted in a dehydrated state, too low in moisture content to permit
growth and development of the seedling. It must imbibe or take up water
until it is sufficiently hydrated to resume active growth. After it
begins to grow, specialized seedling structures push their way through
the soil and finally, when the seedling emerges from the soil surface,
sunlight triggers the photosynthetic apparatus of the plant. Between
planting and until the moment that photosynthesis provides enough energy
to "feed" the plant, the developing seedling is completely dependent on
its food reserves found in the seed unit.
During this process, from seed water uptake to plant establishment,
there are many "hazards" which the seed or seedling may encounter. The
object of my presentation is to discuss a problem that some· of you may
have already encountered or will encounter in the future. The problem
is this: "How do you answer complaints relating to stand problems?" A
farmer calls you up and says the seeds you sold did not germinate or
produced a poor stand. The farmer•s position, without doubt, is that
the seed were at fault --otherwise he wou·ld not be calling. The seedsman should know that when the seed left his warehouse they were at least
as good as what the label indicated. So there is a disagreement and an
investigation is the only way to solve the issue.
It would seem to be good business for the seedsman to come to a
congenial agreement with the farmer. Otherwise, you risk losing a
customer and gaining a lawsuit. On the other hand, the farmer•s pocketbook is involved, and he may not readily admit to mistakes, poor judgment, or adverse environment conditions at or after planting which
resulted in his poor stand and economic loss. A further complication is
that he may have some knowledge about the concept of seed vigor. That
is, the farmer "knows" that vigorous seeds are such that they will
produce healthy seedlings "under a wide range of environments including

11 Dr. Reusche was Research Associate, STL, MSU; he is now with
the Crop Science Dept., North Carolina State University, Raleigh, NC.
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both favorable and stress conditions. 11 * This may make a seedsman's
argument that environmental hazards are indeed relevant carry less
weight. When the farmer hears Wide range of environment .. he visualizes
anything from the Artie circle to the Sahara desert.
11

A lot of things can happen to a bag of seed after the label has
been attached. Seed lots differ in various characteristics such as
germination, purity and even their Shelf-life or storability. The
differences in storage potential are due to the history of the lot
before it was bagged and introduced into storage. With time, all seed
lots deteriorate in quality-- sometimes rapidly and, hopefully, if
properly managed, at a very slow rate. If you test your seed for
labeling purposes between December and February, as most seedsmen for
spring planted crops do, a great deal can happen to that seed lot before
it is planted in April to June.** And, there is a likelihood that
unless your quality control program periodically samples your lots,
there will be no more germination tests run on that lot after that first
test. State seed inspectors sample only about 20%*** of the seed lots
of cotton and soybeans sold in Mississippi and this is probably a reasonable estimate for other states.
11

11

During the investigation, the seedsman in order to be intellectually honest, must remain open to the possibility that the seed had
declined in quality before they were planted. Problems causing a
serious loss in seed quality can be divided into two broad areas: the
seed lot in question, due to its history prior to packaging, had low
storage potential, or that at some time during the storage period the
seed in question were subjected to adverse storage conditions.
In the first case, this low storage potential would apply to the
whole lot in question, and not simply a few bags. You should expect to
get more than one complaint from such a lot if it had quality problems.
If you could trace other bags of that same lot to another farmer who had
good results, you may narrow down the problem to the few bags in question belonging to the complaining farmer.
An example of a lot of soybeans with low storage potential happened
recently at the Foundation Seed Stocks here at Mississippi State
University. The following table summarizes the loss in germination:
* AOSA draft definition of seed vigor.
** Cotton planting in MS:
or later.

AOSA Newsletter, April 1976.

April 1 - May 31; Soybean:

April 15 - June 10

*** Personal communication, Mr. Charles Seiple, State Seed Testing
Laboratory, Miss. State, MS.
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Hill Variety (lot never sold as seed) of Foundation Seed
Sampling sequence
Germination at harvest
Germination after bagging (January)
Official Sample Germination (February)
Germination on April 1
2nd Official Sample Requested (April 15)
Germination in June

Percent germination
93
85
80.50*
70

68
42

*Good enough to obtain tags for sale
If the seed were subject to adverse storage conditions resulting in
a loss in quality, where are the possibilities that this could occur?
We might break down the post-bagging storage period into various parts
for analysis.
1.

Packaged storage

This refers to the time starting with bag filling and ending with
shipment from the seedsman•s storage warehouse. Seedsman may want to
consider sampling seed immediately prior to shipment as a routine part
of their quality control program.
2.

Distribution storage

This is the period where the seed lot has left the immediate con- trol of the seedsman, before arriving at the farm. The seed may be in
trucks moving to a distribution center (wholesale or retail outlets), or
stored at the distribution center awaiting sale and/or delivery to the
farmer. With high interest rates, farmers are waiting until planting
time to purchase seed.
3.

Farm storage

This is when the farmer takes possession of the seed at planting
time. This storage period is therefore short, but can be critical
because the seed are being moved around a lot and may be caught in a
rainstorm or something of this sort.
The Seed Technology Laboratory has been called a number of times
about this farm storage period. It is an important period, because if
the farmer himself mishandled the seed, he is the one responsible.
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A typical sc~nario where a major problem occurs is that the farmer
starts planting and a sudden rain interrupts his planting. His seed are
nearby on a flat-bed trailer and may get rained on. The weather then
stays bad for several days and the farmer cannot get back into his
field. He covers his seed during this time with a large plastic tarp.
During the period the farmer is waiting to plant, his seed are
heating up due to the damp bags and plastic cover holding the humidity
in as well as increasing the temperature. During this time if there is
not a dramatic decrease in germination, there is certainly a general
loss of seed quality.
Another example may be that the farmer simply does not think of his
seed as something living, something to protect. One man parked his seed
in a leaky barn awaiting planting, and then sued the seed company for
providing bad seed. Another man may temporarily store his seed in an
empty metal bin, where temperatures may be as high as 1250F or higher on
a sunny day.
It would seem advisable for seedsman to put some kind of label on
the bag stating: CAUTION: THESE SEED ARE ALIVE. TO INSURE MAINTENANCE
OF VIABILITY, STORE IN COOL, DRY PLACE.
Farmers want to take advantage of a period of good weather and try
to escape the problem of not being able to get into their field when a
heavy rain comes. They plant in dry soil, too dry to hydrate the seed
sufficiently to start that seed growing. Then they wait for rain.
Ample experimental evidence shows that even in extremely dry soil, seed
are going to take up water. So it is, in · essence, being stored in the
seedbed under conditions of high seed moisture content, high enough to
make that seed interesting to the soil-borne fungi and insects, high
enough to provide an extremely adverse storage condition. Every day the
seed wait for rain, vigor is being lost and possibly seed are dying. In
this case it would be important to know when the seed were planted, and
when the first rain came.
I hope I have made the point that if a confrontation between a
seedsman and a farmer occurs, there is next to no concrete evidence as
to where the blame lies. Usually you have only the standard germination
test taken back in January and that is it. Juries may be sympathetic to
the farmer and give him the benefit of this doubt if the issue appears
in court.
If I were a seedsman, I would want to know the exact quality of the
seed when it left my control.
I would also want to know the exact quality of the seed when
delivered to the farm.
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In this age of lawsuits on every issue, your quality control
program may have to face these issues.
The seed have to interact and survive field hazards to emerge. In
general, the greater the seed vigor, the greater the chance that a seed
will survive adverse environmental conditions. However, it is obvious
that no matter what the vigor level of the seed there are environments
where that seed will not emerge. High vigor is not an assurance that
you will get a stand under any conditions.
--Seed, whether in the laboratory or in the field, require water,
oxygen and a favorable temperature to germinate. In the standard
germination tests, the basis for all seed labeling, these conditions are
optimal. In the field, a wide range of environments is possible-- from
optimal to totally destructive.
Some environmental conditions that can present a hazard to uniform
stand establishment include:
1.

Soil Moisture

Waterlogged soils reduce the availability of oxygen. Dry soil will
either not permit the seed attainment of its critical hydration level
(it will not resume growth) or slow down growth to very low levels.
2.

Soil Temperature

In general, we are primarily bothered by soil temperatures on the
low side in the U.S. Low temperatures will slow growth and render the
seedling susceptible to seedling rot problems, particularly in cold, wet
soils. Cotton stands, for example, are often affected by periods of
cold soil temperatures.
3.

Soil Impedance

Soil can impede the emergence of seedling in two primary ways.
One, the soil can be compacted with a high bulk density and the seed
will have to expend a great deal of energy just to move through this
mass. Second, if after planting and before emergence there is a rain
followed by good dry i ng conditions, many soils will form a crust and the
seedling will either have to "find" a crack, push the crust out of the
way, or attempt to penetrate if. Frequently, the seedlings do not
"make" it.
A "wet" crust, sometimes referred to as a surface seal, has been
shown to restrict oxygen movement into the soil.
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4.

Soil Variability

Soil factors such as texture, drainage, crusting characteristics,
hydraulic conductivity and even organisms of the soil cannot be ignored
when investigating a stand failure. Soil variability exists even within
a given field, even on soils noted for their uniformity. Coarsetextured soils, high in sand, are generally loose, friable, and have
good aeration and drainage. Fine-textured soils, high in clay like the
so-called 11 buckshot 11 soils, may drain poorly and create problems in
seedbed preparation if plowed too wet (structure is broken down) or too
dry (great clods are turned up).
5.

Seedbed Preparation and Planting Operations

Tillage should produce a seedbed that provides seedlings with
adequate air and water and produces low mechanical impedances. Properly
adjusted planting equipment has been designed to place the seed at the
correct depth and pack the soil around the seed to provide a good
contact between the seed and soil. Needless to say, problems can occur
at the seedbed preparation and planting stage. Too rough a seedbed may
lead to an improper seed-soil contact. Improper adjustment of the
planter may lead to planting too deep.
6.

Herbicide Problems

Errors in the application of pre-emergence herbicides and herbicide
residuals incompatible with the crop being planted can and do adversely
affect stand establishment. In soybeans, one problem, I am told, is the
misapplication of the pre-emergence chemicals such as Syncor and Lexon.
If you are following cotton with soybeans, some of the cotton herbicide
residuals may interfere with the soybean germination (examples:
Cotoran, Karmex).
After receiving a complaint from a farmer, all the information you
can gather on that seed lot needs to be collected and analyzed. You may
request that the State Seed Lab retest the original sample for germination, or if you happen to have some bags of that lot still available,
pull a second sample and test it. You may want to check when that lot
left your warehouse and when it was delivered to the farmer. Has anybody else complained about the same lot? When you have all the available information on the lot in question, armed with this knowledge it is
time to visit the farmer and try to find out what may have happened after
the seed arrived at his farm and all the steps leading up to the complaint that the seed were no good.
County extension agents are called routinely to look at stand
problems and are up to date on the problems that farmers in his area are
having if the weather has been unfavorable. They know the ·s oils in
their area, and are experienced in trouble-shooting these types of
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problems. In addition, the seedsman could request that an Inspector in
the Seed Division of the State Department of Agriculture be included in
the investigation. There are many advantages to having an Inspector
present because his office represents the enforcement of the seed law
that is in question. It would appear advisable for the seedsman to meet
the farmer and his county agent or the Inspector when arriving at the
farm for the investigation.
A step-by-step discussion of what the farmer did with the seed from
the moment he accepted delivery until it was in the ground would appear
advisable. You might want to look at where he stored it, or look over
his planting unit. A discussion of the climate before and after .
planting would be appropriate. Actually looking at the stand may indicate that part of his field looks good, and it was a localized condition
that did not result from the seed. How deep were the seed planted? You
are looking for anything and everthing that may have produced the poor
stand. If the farmer has some of this planting seed remaining, then you
should sample it and test its viability. I wouldn't be surprised if the
farmer doesn't already have results from such a test, but he may have
improperly sampled or received a biased result.
This investigation at the farmer's field is critical in terms of
human relations. The seedsman must appear to be interested in uncovering the truth and not trying to save the cost of replacing the seed
and whatever else is being requested. If a problem has occurred at the
farm, every attempt could be made to improve the farmer's competancy so
that the problem will not reoccur. A decision has to be arrived at to
the mutual satisfaction of both the farmer and seedsman, otherwise a
discontented farmer may come back to you later with a lawyer by his
side.
Let's discuss some real life situations that have occurred and what
happened.
Case History #1
One seedsman was selling hermetically sealed vegetable seed. The
seed were sealed in metal tin and, generally speaking, if properly
packaged in this manner will store well for 2 - 4 years (that is, if
they are high quality seed when entering storage and dried to a low
moisture content). The seedsman sampled the lot and it tested good.
What was not noticed, though, was that the moisture content of the seed
was too high and the lot was deteriorating.
A farmer bought some seed of the lot in question. He complained to
the seedsman that he didn't get a stand. The seedsman was willing to
replace the seed but that wasn't good enough for the farmer. Even if he
replanted, he could not make the early marketing date that he required
to make a profit.
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What happened? The seedsman settled with the farmer for a sizeable
amount.
Case History #2
One seed company was trying to sell seed to a farmer, and the
farmer drove a hard bargain. When the deal was made, the farmer
received a verbal guarantee that the purchased seed were of such quality
that they would produce a stand. Well, as you might guess, the farmer
did not get an adequate stand and called up the seedsman. The investigation indicated a 4 11 rainfall after planting, followed by a prolonged
cold spell. The farmer and seedsman both agreed that it was the adverse
environment that spoiled the stand.
What happened? The seedsman replaced the seed because the farmer
insisted that he had a guarantee .
Case History #3
One farmer planted sorghum in June (too late) and when he was
looking for seed all he could find was some carry-over seed that tested
reasonably good (80%). After planting, there was a dry spell and the
farmer complained to the seedsman about a poor stand.
The seedsman and farmer visited the field in question wi thout the
County Agent or Chief Inspector present. Most of the acreage planted
looked pretty good. The problem was localized in different areas of the
field and it appeared that the poor stand was caused by soil variability
and not the seed.
What happened? The farmer took the seedsman to court and won. The
farmer claimed the whole field was bad and some of his neighbors testified on his behalf. What really nailed the coffin for the seedsman
was a report he had furnished to the farmer indicating that the vigor of
the carry-over seed was marginal . The seedsman, in effect, made two
mistakes. There was no documentation of the facts and it was his word
against the farmer's. Second, he gave the farmer the results of a vigor
evaluation, and vigor was not the issue and no law requires that vigor
information be provided.
Case History #4
In one example, a seedsman had a lot of cotton that he wanted to
sell. The seed was first tested right after ginning before the linters
were removed, and had a germination of 80%. The seedsman went ahead
and delinted the seed, and retested and found a low germination. In
spite of all these indicators of quality problems, the seedsman went on
to sell some of the lot.
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You can guess what happened. The farmer had stand problems, and I
haven't heard the outcome of the case which went to court. However, it
doesn't look too good for the seedsman given the above facts.
Case History #5
This is an excel,lent example of a case where an investigation
uncovered evidence that the farmer had never considered important, but
caused his field to be contaminated with a noxious weed. The farmer
called the seedsman and complained that he had red rice in his field and
he was sure it came from the planting seed (which happened to be 11 Registered11). From the way the farmer talked, the seedsman understood that
it was the first time the field had been planted in rice and so there
was no other possibility for the red rice to be in his field. A review
of all the records by the seedsman showed no mention of red rice contamination. An investigation was held at the farm.
·
The farmer had drilled his rice. When he indicated the red rice
areas of his field, red rice was indeed present but some of it was
.. outside the drill .. and circular clumps of red rice plants were found.
This evidence indicated that the red rice had not been planted. As the
farmer talked, it became apparent that he had in fact planted rice the
previous year. When questioned about the previous year, he recalled
that his brother who also planted rice had helped him harvest. The
pattern of red rice in the field seemed to be diagonal, in a line
across the field, as if his brother's combine had left a trail of red
rice as it moved across the field to help in the harvest.
What was the outcome? The farmer dropped the complaint against the
seedsman. (Now, I don't know what happened between the farmer and his
brother!)
Case History #6
In this example, a seedsman sold a farmer two lots of the same
variety. The farmer planted the seed in an 8-row planter unit without
separating the two lots he bought. In other words, first he emptied a
bag of one lot into his planter, and then a bag from the second lot,
without paying any attention to the lot planted. The seedsman received
a complaint about a poor stand.
A field investigation showed a definite pattern to the stand
problems. One row with little or no emergence was surrounded on both ·
sides with rows of uniformly good emergence. It was obvious in the
field that one of the lots was good whereas the other was bad.

104

Case History #7
One farmer called up and complained about weed problems. He was
convinced that his planting seed had been contaminated. The seedsman
pulled out his records on the lot in question and found no mention of
any weed seeds and no indication that such a problem may exist. An
investigation was held. Two facts were turned up. One, the weed seeds
in question were found 11 in the drill 11 (that is, vdthin the row planted
by the drill versus 11 0utside the drill 11 or in between rows). Second,
the farmer had some of this planting seed l~ft over and it was inspected. The weeds in question were found in the bag.
What was the outcome? The seedsman agreed that the weed problem
originated with . the planting seed. He agreed to supply the farmer with
planting seed the next year.
Case History #8
One farmer was planting wheat and when it came up it was badly
contaminated with bromegrass (Bromus inermis) and ryegrass (Lolium
spp.). He called his county agent and they both agreed that a complaint
should be lodged against the seedsman. The seedsman at first was ready
to replace the seed but the farmer was not satisfied with this. So an
investigation was held with the assistance of a state agency.
The investigation showed the field to be indeed contaminated with
bromegrass and ryegrass. It also noted that bromegrass and ryegrass was
abundantly present outside the wheat field (across the road in a fallow
area and on the side of the road). After talking awhile, the farmer
remembered that after he had planted the field under investigation, he
had some seed left in the hopper and went on the plant another field
down the road. The group then visited the second field and it was pure
wheat -- no contaminants.
What happened? The farmer admitted the obvious fault that the
bromegrass and ryegrass had been present for years. He was then willing
to 11 let 11 the seedsman replace the planting seed. I don't have to tell
you what the seedsman said to that!
Case Hi story #9
A seedsman received a call from a farmer, and the farmer claimed
that the seed he bought contained cockl~bur. Never had the farmer had a
problem with cocklebur in his field before and he was sure the seed he
bought was contaminated.
The investigation showed up two facts. The seedsman sampled some
bags of the lot still remaining in his warehouse. He found, to his
surprise, that there was in fact cocklebur that he had not removed
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during cleaning and no prior analysis had noted. Cocklebur seed was
also found in the drill, indicating that it was probably planted.
What was the outcome?
the cocklebur.

The seedsman paid for chemicals to eradicate
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CONCEPT AND IMPORTANCE OF SEED VIGOR
James C. Delouche

ll

Brief History
In 1980, the Association of Official Seed Analysts (AOSA) adopted
the following definition of seed vigor:
"Seed vigor comprises those seed properties which determfne the potential for rapid, uniform emergence and
development of normal seedlings under a wide range of
of field conditions."
A few years earlier (1977), the International Seed Testing Association
(ISTA) defined seed vigor as, (in part), "the sum of those properties
which determine the potential level of activity and performance of the
seed or seed lot during germination and seedling emergence." The very
recent advent of formal definitions of seed vigor might suggest that
seed vigor is a new idea or concept being positioned for exploitation,
but this is not the case. The idea of seed vigor is not new. It developed in Europe in the early 1900s at the time seed testing was
getting underway.
Very early in the history of seed testing, analysts noted differences in the capacity of seed within and among samples for rapid
germination and seedling development and emergence through a physical
barrier, i.e., the Hiltner brick-grit test first described in 1911.
This capacity was called Triebkraft, meaning "driving force" or "shooting power." Later, the term "germination energy" gained ascendency,
especially in connection with rate of germination and seedling growth.
By 1915, the germination energy determination - essentially a first
count test - and the brick-grit test (cereal seed) were being routinely
made in some European seed laboratories. During the same period and
extending through the 1930s, there was much emphasis in the U.S. on use
of soil .tests to aid in interpretation of germination tests and to
"calibrate" test results.
These developments are ample evidence that during the early years
of seed testing - more than 50 years ago - analysts and seed botanists

ll Dr. Delouche is with the STL, MSU.
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were not wholly satisfied with the germination test for evaluation of
the field or planting value of seed. They felt there was need for a
supplemental test(s) - such as the germination energy determination - to
evaluate properties of seed important in terms of emergence and
stand establishment which were not adequately assayed in the germination
test.
During the 1930s as the idea of germination energy reached its
zenith, work was beginning in the U.S. and Germany which was to have
profound effects on concepts of seed quality in general, and seed vigor
in particular. In the U.S. Reddy (Iowa State) and others developed the
cold test for corn seed, while in Germany Lakon developed the tetrazolium test. The earlier idea of germination energy and its application
in seed testing, the information obtained on seed and environment
interactions from studies of the cold test, and the insights into the
11
dying of seed" gained through use of the tetrazolium test provided the
bases for the development of the present concept(s) and definition(s) of
seed vigor.
Isely (Iowa State, 1957) was perhaps the first to attempt a rigorous
conceptualization of seed vigor. Accepting one premise of the germination energy school, viz., vigor is a quality of germinable seed, he
then dismissed the central premise that vigor~~ in terms of rate of
germination and seedling development is the, "key to .... success in the
field," and considered seed vigor as those, "seed attributes which favor
stand establishment under unfavorable conditions." In Isely's graphical
representation of vigor (Figure 1), a germinable seed is scaled for
vigor from low to high. The higher a germinable seed is on the vigor
scale, the greater is, "its chance for success under unfavorable conditions." Delouche and Caldwell (Miss. State, 1960) believed that Isely's
concept wrongly implied that 11 Vigor is a significant factor only under
unfavorable conditions," and that vigor~~ is unimportant, and
proposed a modification of Isely's concept or definition: "vigor is
the sum total of all seed attributes which favor rapid and uniform stand
establishment.•• This modification took into account the rate of germination and seedling development or vigor~~ idea, and extended the
influence of vigor to the whole range of field conditions which can
occur during the germination, emergence, and stand establishment period.
In their graphical representation of vigor (Figure 2), Delouche and
Caldwell advanced the idea that loss of both vigor and germinability are
consequences of deteriorative processes in seed, but a significant loss
of vigor usually occurs before germinability is affected.
the
3).

Woodstock's (USDA, 1969) concept of vigor represents a synthesis of
and tolerance to environmental conditions ideas (Figure
It established two dimensions for seed vigor: an "intensity of

vigor~~
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Figure 1. Schematic representation of the relationship between germination and vigor. From Isely (1958).
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response 11 dimension which is manifested in rate of germination and
seedling development, and an 11 environmental range 11 dimension which
relates to the tolerance of seed to the diverse conditions of the seed
bed. Although the two dimensions can be separately evaluated, in most
cases they are just different manifestations of the over-all physiological 11 Well being 11 of the seed. The rate of germination of a seed and
its tolerance to environmental stresses .both decrease as 11 Vigor 11 decreases or deterioration progresses. The two dimensions of vigor
integrated in Woodstock's concept are the most important in establishing
a crop stand. And, they constitute the essential elements in the very
practical AOSA definition of seed vigor.
The adoption of the AOSA definition of seed vigor and the 11 Vigor
Testing Handbook 11 scheduled for publication in 1983 should clear most of
the confusion and controversy which has attended vigor testing since the
late 1950s. It is hoped the definition and handbook will also advance
the use of the vigor tests in in-house quality assurance programs and
stimulate the development of even better tests for measuring, as Woodstock put it, 11 the ability of seeds to germinate and produce useful
growing plants under a range of field conditions which can be reasonably
expected for the geographic location and kind of crop in question.~~
Importance and Uses of Vigor Tests
The germination test provides - and should continue to provide the baseline information on the plant producing capacity of seed lots.
It establishes the maximum capacity of lots to produce normal seedlings
under very favorable field conditions. Vigor tests provide supplemental
information on the capabilites of the germinable seed in a seed lot to
produce normal seedlings under field conditions that are less than
favorable, to germinate and emerge rapidly and uniformly, and to maintain their germinative capacity in storage. The supplemental information provided by vigor tests on the physiological status of seed is of
great important in quality assurance and control programs, consumer
service activities, and research and development work.
Quality Assurance and Control
The physiological and physical qualities of seed can be damaged by
drought stress during the development and maturation period, 11 Weathering11 prior to harvest, mechanical abuse during harvesting and handling
operations, delayed and/or improper aeration and drying, unfavorable
storage conditions, and during prolonged storage even under relatively
favorable conditions. Severe 11 damage 11 reduces the percentage of germinable seed and can be detected by a germination test. A germination
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test made, interpreted, and reported in the "standard" manner does not,
however, provide much information on the extent to which the seeds still
capable of germination have been damaged. It does not establish the
level of vigor/deterioration of the germinable seed, which determines
how well germination will be maintained until the seed are marketed, and
how well the seed will perform when planted.
In a quality assurance and control program, it is important to know
the germinative capacity and performance potential (i.e., vigor) of seed
lots after each major operational stage so the rising investment in the
seed can be stopped any time its quality falls below established or
acceptable standards, and to identify operational procedures - or
deficiencies therein -which are damaging to quality. It is equally or
even more important in a quality assurance and control program to
obtain information from which projections can be made about the quality
of the seed in the future - the next marketing, distribution and planting
season. A combination of the germination test, vigor tests and other
special tests such as mechanical damage and seed health analyses can
provide the information needed to monitor and control seed quality
during the operational stages from production to storage, and to assure
that lots of seed marketed are in good physiological condition.
Consumer Services
The more information a seedsman has on the quality of the seed lots
in his inventory, the better he can serve his customers. Some seed lots
of low or uncertain quality can be diverted to alternative markets,
i.e., feed or grain, thus, reducing complaints (and claims). Lots
marginal in quality can either be diverted to alternative markets,
blended with high quality lots, or marketed at times and in areas where
the probability of adverse conditions at planting time is minimal.
Some farmers are insisting on greater assurance about the plant
producing potential of seed than the germination percentage printed on
the seed label. Vigor test results can be used during the sales
"negotiation" to demonstrate to customers that every effort has been
made to establish the good physiological condition of the seed lots in
question.
Incorporation of vigor testing in an in-house quality assurance and
control program can reduce complaints and provide a good defense in
responding to complaints provided, of course, the company has made and
adheres to a management decision not to market seed that fall below
certain minimal quality standards.
Research and Development
Vigor tests are especially valuable in the research and development
programs of public institutions, seed breeding firms, and seed companies.
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Production locations and harvest practices, conditioning equipment,
facilities and procedures, storage facilities, and distribution/marketing strategies can be devised, established, monitored, and adjusted
as necessary to produce and maintain seed at quality levels that are
economically feasible and suitable for the varying needs of customers.
· In breeding programs, vigor tests can be used to identify inherent
weaknesses in breeding and advanced lines which can lead to seed production and quality problems. Conversely, plant breeders can identify
traits. which contribute to superior emergence ability of seed under
stress conditions.
Summary
Vigor/deterioration are 11 properties 11 which have a great influence
on the planting value of seed, and its stability from the harvest
period to the sowing season. Seed vigor testing, properly integrated in
a comphrensive quality assurance and control program, is a major management tool in the seed industry.
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QUALITY ASSURANCE TECHNIQUES
Compi 1ed by:
Charles E. Vaughan
STL, MSU

Emphasis:

Mechanical Damage
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THE CHLOROX SOAK TEST
This test is used in the field to determine the percentage of
soybean (Glycine max) seed damage due to combining or threshing. It
is also adaptable to use in the laboratory. The test can be used for
beans (Phaseolus vulgaris) and possibly other large dicotyledonous
seeds which may be injured in combining, threshing or seed cleaning.
Materials Needed:
1.

Two or more small tray(s), plastic is preferable, large enough to
hold 100 or more seeds are needed.

2.

Chlorox (household bleach, 5.25% sodium hypochlorite) and ordinary
tap water are used.

Procedures:
1.

Mix
one
may
may

approximately three fluid ounces (3/16 of a pint) of chlorox in
gallon of water. In the laboratory where only small quantities
be needed a three to five percent solution of chlorox in water
be used.

2.

Count one or more replicates (depending on the accuracy desired)
of 100 seeds each excluding 11 splits 11 or obviously broken seeds.
Place each of the 100 seed replicates in a tray.

3.

Pour a sufficient amount of the chlorox-water solution over the
seed so its covers all the seeds.

4.

After 10-15 minutes pour off the chlorox-water from each 100 seed
replicate then spread the seeds on toweling so they may be checked.

5.

Count the number of swollen seeds in each 100 seed replicate. If
more than one replicate is included, average the number of swollen
seeds in all of the replicates.

Conclusion:
In the field it is generally considered that if there is over 10
percent swollen seed, seed damage is excessive. This degree of damage
indicates that an adjustment should be made in the combine. In a
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cleaning plant the percentage of swollen seeds should be determined
on a lot both before and after cleaning to determine the damage caused
in cleaning.
For total damage due to a particular operation, the 0bviously
broken and Split seed should be added to the %swollen seed to
obtain a total seed damage %.
11

11

11

11

Notes:
1.

Avoid handling the chlorox-water solution over varnished or painted
surfaces.

2. ' If seeds are left in chlorox solution more than 15 minutes, nondamaged seeds will begin to absorb the solution.
3.

The chlorox-water solution poured off the seeds may be re-used but
probably should not be saved more than a day.

4.

Chlorox may be obtained from any supermarket.
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FAST GREEN TEST
The fast green test is used to reveal the extent of pericarp damage
in seed corn (Zea mays). Pericarp damage to corn seed can be detected
by use of a stereoscopic microscope; however, the use of fast green is
simple and rapid and does not necessitate the use of expensive laboratory equipment. Fast green may also be used to detect seed coat damage
in legume seeds such as alfalfa (Medicago sativa), crimson clover
(Trifolium incarnatum) and other legume seeds of similar size. Fast
green in the low concentrations used is non-toxic to embryos and small
seedlings. Therefore, stained seeds can be germinated and the normal
and abnormal seedlings examined to observe the nature of the damage.
Materials Needed
1.

Fast green FCF can generally be purchased in 10 or 25 gram
amounts from a chemical supply house.

2.

The fast green is soluble in ordinary tap water.

3.

250 ml beakers or similar containers (1/2pint jar) are about
the right size to hold 100 seeds of corn, the fast green
solution and still permit room for stirring.

4.

A 1000 ml. flask, or similar size container {quart jar) should
be available for mixing the fast green in water.

Procedures
1.

Prepare a 0.1% percent solution of fast green by adding one
gram of fast green to 1000 ml. of water (one quart). If only
a small smount of solution is needed, mix 0.1 gram of fast
green in 100 ml. of water {approx. 1/4 pint).

2.

Count out one or more 100 seed replicates of corn (or other
kind of seed) at random. Place each replicate in a 250 ml.
beaker or 1/2 pint jar.

3.

Pour sufficient fast green solution into each container to
cover the seed. Stir the seed in the solution intermittently
during the first 30 seconds. Allow the seed to stand in the
solution approximately two minutes more.

4.

Pour off the fast green solution and rinse thoroughly under
running tap water.
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5.
6.

Spread each 100 seed replicate on an absorbent towel or
paper to dry.
Count the seeds in each 100 seed replicate that show stained
pericarp breaks. Average the number for all the replicates.

Conclusions
Seed corn pericarp damage in the 30-50% range should be of concern
to a seedsman. When the damage is over 50% the seedsman should take
action to reduce damage in shelling and handling corn seed. Severe
pericarp damage will cause loss of yield even though the seed is treated.
In the case of legume seeds, generally each stained seed is dead or
will develop into an abnormal seedling when placed on a moist substrate
to germinate.
Notes
1.

Generally the use of a fast green solution for soybeans
is not satisfactory. The solution is readily absorbed even by
some of the non-damaged seeds.

2.

The amount of seed coat damage revealed by the fast green
test in new crop alfalfa seed has been used to predict seed
germination.

3.

The fast green solution may be poured off and re-used.
However, if much residue is retained in the solution it should
be discarded.

4.

Fast green also stains clothes and fingers.

Source of Fast Green
Fast green (FCF) may be obtained from most chemical supply houses.
One source is listed here for your information.
Fisher Scientific Company
Chemical Manufacturing Division
Fair Lawn, NJ 07410
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FERRIC CHLORIDE TEST
Mechanical injured areas of legume seeds turn black when placed
in a solution of ferric chloride. This is a practical method of
providing a quick estimation of the percent abnormalities to expect
in a seed crop. This on-the-spot check, with appropriate adjustments
to equipment, can reduce damage to the remainder of the crop.
Materials Needed:
1.

Ferric Chloride (FeCl 3 ) is generally obtained in reagent lump
grade. The lumps should be gound to a powder before use. Grinding
may be done by rubbing the lumps in a mortar with a pestle.

2.

A mortar and pestle or some other means of grinding is needed.

3.

Petri dishes or similar containers should be available.

Procedures:
1.

Prepare a 20 percent solution of ferric chloride (FeCl3) by adding
4 parts water to 1 part FeCl3 by weight. A one-third cup of ferric
chloride powder in 1/2 pint water provides sufficient quantity to
do numerous tests. Add a half teaspoon of liquid detergent to
the solution.

2.

Count out at least two 100-seed samples and place them in petri
dishes or saucers. If time permits, two or more 100 seed samples
should be counted out to increase test accuracy.

3.

Pour enough solution into each dish to completely cover the seeds.
Be sure all seeds are totally submerged; however, a few light
seeds may float.

4.

Start to separate black staining seeds within 5 minutes after
addition of the solution. Regardless of how small the black stain
is, these seeds should be separated. However, be sure that the
stain is black and not a natural dark brown.

5.

Continue to separate black seeds until 15 minutes after addition of
the solution to the seeds. DO NOT SEPARATE SEEDS AFTER 15 MINUTES.
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6.

Count the number of black stained seeds in each hundred seed replicate. Average the number for all the replicates.

Conclusion:
Generally all stained seeds are dead or develop into an abnormal
seedling when germinated.
Note:
The solution may be poured off at the end of the test and re-used.
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INDOXYL ACETATE TEST
Indoxyl acetate is used to accentuate mechanical damage to soybean
seed so that it is easily visible. A purple color develops around
cracks and fractures in the seed coat.
Materials Needed
1.

Indoxyl acetate - this chemical can be obtained from a
chemical or biological supply house (see below).

2.

Ethyl alcohol - obtain from a drug store.
for ethyl alcohol.
Household

Ask specifically

ammonia- obtain from drug store.

3.

11

4.

Cotton

5.

1000 ml flasks (or quart jars), and 100 ml flasks (or a
ncupn).

11

11

balls

11

-

obtain from drug store.

Procedures
1.

Prepare a 0.1% solution of indoxyl accetate by dissolving
1 gram of the chemical in about 100 ml (1/2 cup) of ethyl
alcohol. Stir to dissolve. Place the solution in a 1000 ml.
flask (or quart jar) and bring volume to 1000 ml (or quart) by
adding water.

2.

Place 100 soybean seed selected at random in a small plastic
dish (cup size) and cover with the indoxyl acetate solution
for 2 minutes. Drain off solution, rinse seeds briefly, and
place in a small plastic screen basket. Suspend basket in a
larger container - such as a small plastic pail or jar - and
drop a couple of cotton balls saturated with household ammonia
in the bottom of the plastic pail. Position a lamp with 100
to 150 w. incandescent bulb so that it can warm and dry the
seed. The stain will develop in 5 to 10 minutes as the seed
dry.

4.

Examine the number of seed with purple stains indicating
cracks in the seed covering. Determine percentage of damaged
seed.
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Conclusion
The purple stain developed accentuates the damage to soybean seed
and facilitates mechanical damage analysis.
Note
The purpl ~ stain can develop along so-call growth splits in the
seed coat. This must be distinguished from "real" mechanical damage by
visual examination.
Source of Chemical
Indoxyl acetate can be obtained from many chemical and biological
supply houses. One so~rce is:
Fisher Scientific Co.
Chemical Manufacturing Division
Fair Lawn, NJ 07410
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REGISTRATION LIST
1982 SEEDSMEN•s SHORT COURSE
April 5-7, 1982
ALABAMA
Eugene Carter
Carter Mfg. Co., Inc.
P.O. Box 46
Ariton, AL 36311
Jim Bostick
Ala. Crop Improve. Assn.
S. Donahue Drive
Auburn University, AL 36849
Bob Burdett
Ala. Crop Improve. Assn.
S. Donahue Drive
Auburn University, AL 36849
Burton Fuller
Rt. 1, Box 66
Emelle, AL 35459
Wi 11 i am Fie 1ds
Riverside Farm
Rt. 1, Box 60
Gainesville, AL 35464
Kevin Johnston
Ring Around Products
P.O. Box 589
Montgomery, AL 36116
Mr. & Mrs. David McClusky
Riverside Farms
102 Springbrook
Tuscaloosa, AL 35405

Jim Briggs
Soil Conservation Service
Plant Materials Center
3241 N. Romero Road
Tucson, AZ 85705
ARKANSAS
Mr. & Mrs. David Morgan
Lephiew Gin Co., Inc.
Drawer L
Dermott, AR 71638
Randy Dismuke
Greenfield Seed Co.
Delta & Pineland Co.
Rt. 1, Box 60
Harrisburg, AR 72432
Billy K. Tipton
Jacob Hartz Seed Co., Inc.
P.O. Box 946
Stuttgart, AR 72160
CALIFORNIA
W. Earl Booth
Foundation Seed & Plant
Material Service
231 Hunt Ha 11
University of California
Davis, CA 95616

ARIZONA

Hal M. Franscioni
Cornnuts ,. Inc.
P.O. Box 215
Greenfield, CA 93927

Lynn D. Adams
Delta & Pine Land Co.
P.O. Box 1006
Casa Grande, AZ 85222

Joe Donahue
S & S Seeds
910 Alphonse
Santa Barbara, CA 93103
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COLORADO
Paul E. Murphy
Murphy Farms
Box 3, Rt. 3
Flagler, CO 80815
Dave Knudsen
Oliver Mfg. Company, Inc.
P.O. Box 512
Rocky Ford, CO 81067
Terry L. Quinn
Oliver Mfg. Company, Inc.
P.O. Box 512
Rocky Ford, co 81067
FLORIDA
Terry R. Lewis
International Forest Seed Co.
P.O. Box 5154
Tallahassee, FL 32301
Wayne Ziegler
Florida Seed & Feed Co., Inc.
P.O. Box 1120
Ocala, FL 32670
GEORGIA
Charles M. Owsley
USDA
Soil Conservation Service
Americus Plant Materials Center
P.O. Box 688
Americus, GA 31709
Earl Elsner
Georgia Seed Dev. Comm.
2420 So. Milledge
Athens, GA 30605
Terry L. Purcell
Georgia Seed Dev. Comm.
2420 S. Milledge Ave.
Athens, GA 30605

Malcolm T. West
Ga. Crop Improvement Assn.
2425 S. Milledge
Athens, GA 30605
Sandy Browning
Gold Kist, Inc.
P.O. Box 705
Dublin, GA 31021
Jim Haskins
Gold Kist, Inc.
P.O. Box 705
Dublin, GA 31021
Barney Evans
A. J. Evans Marketing Agency
P.O. Box 839
Fort Valley, GA 31030
Ross Bowen
Bowen Seed Farms
Route #1
Lyons, GA 30436
Dewey Clark
Bowen Seed Farms
Route #1
Lyons, GA 30436
Robert P. Karrfalt
National Tree Seed Laboratory
Box 819
Macon, GA 31298
Cledus Penny
Pineland Plantation
Rt. 1, Box 12
Newton, GA 31770
Runell Penny
Pineland Plantation
Rt. 1, Box 12
Newton, GA 31770
Ralph Johnson
Georgia Seed Dev. Comm .
Rt. 2
Plains, GA 31780
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IL~INOIS

Mr. & Mrs. Gary Hodgett
Wyffels Hybrids, Inc.
P.O. Box 246
740 E. Henry
Atkinson, IL 61235
Mr. & Mrs. Steve Hutchinson
Wyffels Hybrids, Inc.
P.O. Box 246
740 E. Henry
Atkinson, IL 61235
Jay Poulos
Wyffels Hybrids, Inc.
P.O. Box 246
740 E. Henry
Atkinson, IL 61235
Dave Bruch
Growmark, Inc.
1701 Towanda Ave.
Bloomington, IL 61701
Ken Hartweg
Funk Seeds International
1300 West ·washington St.
P.O. Box 2911
Bloomington, IL 61701
Rudy Hoffmann
Prater Industries, Inc.
1515 South 55th Ct.
Chicago, IL 60650
Tom Runyon
Seedburo Equipment Co.
1022 W. Jackson
Chicago, IL 60607
Walter F. Smith
Black Products Co.
13513 S. Calumet Ave.
Chicago, IL 60627
Wi 11 iam E. Bucy
Thorp Seed Co.
Rt. 3
Clinton, IL 61727

Carl E. Thorp
Thorp Seed Co.
Rt. 3
Clinton, IL 61727
Ernest N. Thorp
Thorp Seed Co.
Rt. 3
Clinton, IL 61727
John E. Strader
D. W. Tyler Co.
970 W. Fairchild
Danville, IL 61832
Matt Strader
D. W. Tyler Co.
907 W. Fairchild St.
Danville, IL 61832
Rick Davis
Farmer City Grain Co.
Farmer City, IL 61842
James Lamb
Farmer City Grain Co.
Farmer City, IL 61842
Mr. & Mrs. W. A. Rice
W. A. Rice Seed Co.
1108 W. Carpenter St.
Jerseyville, IL 62052
Mr. &Mrs. Mike Hannah
Jacques Seed Co.
P.O. Box 370
Lincoln, IL 62656
Mr. &Mrs. Bill Piper
Jacques Seed Co.
P.O. Box 370
Lincoln, IL 62656
Wayne Hunerkoch
Custom Farm Seed
P.O. Box 160
Momence, IL 60954
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Chris Pflederer
Sommer Bros. Seed Co.
P.O. Box 248
Pekin, IL 61554

Bruce Christensen
Pan American Seed Co.
P.O. Box 438
West Chicago, IL 60185

David K. Langer
Pioneer Hi-Bred
816 N. Main St.
Princeton, IL 61356

James J. Gorman
Gorman Seed Service
Rt. 3
Wilmington, IL 60481

Mr. & Mrs. Claude Friedly
Del Monte Corp.
P.O. Box 89
Rochelle, IL 61068

INDIANA

Karen A. Disbrow
Stauffer Seeds
975 S. Durkin Dr.
Springfield, IL 62704
Mr. & Mrs. H. A. Stults, Jr.
Stults Scientific Eng. Corp.
3313 S. 66 Freeway
Springfield, IL 62703
Mr. & Mrs. David L. Carlson
Asgrow Seed Co.
P.O. Box 408
Stonington, IL 62567
Mike Rykhus
Asgrow Seed Co.
P.O. Box 408
Stonington, IL 62567
Mr. & Mrs. Duane Scott
Asgrow Seed Co.
P.O . Box 408
Stonington, IL 62567
Theresa Cochrane
Illinois Crop Imp. Assn.
508 South Broadway
Urbana, IL 61801
Jill Rannebarger
Illinois Crop Improvement
508 S. Broadway
Urbana, IL 61801

R. E. Helmuth
Helmuth Corporation
828 E. 116th
Carmel, IN 46032
Danny Beckham
AMOS
P.O. Box 5613
Lafayette, IN 47903
Steve Beckham
Amos, Inc.
Box 5613
Lafayette, IN 47903
Mrs. Sue Kast and Jim Kast
Asgrow Seed Co.
205 N. Michigan
Oxford, IN 47971
Tim Kennedy
Asgrow Seed Co.
205 N. Michigan
Oxford, IN 47971
Larry Phelps
Asgrow Seed Co.
205 N. Michigan
Oxford, IN 47971
Don Gick
Ag Alumni Seed
Box 158
Romney, IN 47981
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Jeff Sandage
Ag Alumni Seed
Box 158
Romney, IN 47981

Ronald Anderson
Pioneer HiBred Int. Inc.
7000 Pioneer Parkway
Johnston, IA 50131

Ben Lute
Hunt-Wesson Foods
P.O. Box 468
Valparaison, IN 46383

Irving Deihl
Pioneer HiBred Intl. Inc.
7000 Pioneer Parkway
Johnston, IA 50131

IOWA

Paul Brezina
Asgrow Seed Co.
1st & Bateman
Box 457
Perry, IA 50220

Manj it K. Misra
Iowa State University
162 Seed Science Center
Ames, IA 50011
Mr. &Mrs. Brian Gates
Asgrow Seed Co.
Box 108
Clarion, IA 50525

Neil Hoelscher
Asgrow Seed Co.
1st & Bateman
Box 457
Perry, IA 50220

Denise McCarthy
Asgrow Seed Co.
Box 108
Clarion, IA 50525

Terry Burkart
McCurdy Corporation
Hwy. 218 N.
Vinton, IA 52349

Tau Backhaus
Pioneer Overseas Corp.
1206 Mulberry Street
Des Moines, IA 50308

KANSAS

James Gumpert
Pioneer Overseas Corp.
1206 Mulberry Street
Des Moines, IA 50308
Robert o•Mara
Corn States
Box 2706
Des Moines, IA 50315
Brian K. Walters
Corn States
Box 2706
Des Moines, IA 50315

Delores I. Blacker
Agri-Service Associates
210 South Wind Place
Manhattan, KS 66502
W. F. Pat Hanny
Taylor Products Co., Inc.
5300 Main
Parsons, KS 67357
Murland L. Taylor
Taylor Products Co., Inc.
5300 Main
Parsons, KS 67357
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KENTUCKY
Mark Jacques
Department of Agronomy
University of Kentucky
N-122 Ag. Science Bldg. North
Lexington, KY 40546-0091
Mr. & Mrs. Otto J. Loewer
University ·of Kentucky
Agricultural Engineering
Lexington, KY 40546
Billy Huffines
Battleground Seed Co.
Rt. 5
Russellville, KY 42276
Keith Wi 1son
Battleground Seed Co.
Rt. 5
Russellville, KY 42276
LOUISIANA
Mr. & Mrs. E. A. Drummond
Foundation Seed Program
Rt. 2, Box 20
Alexandria, LA 71301
Wayne Gremillion
Funk Seeds Int.
P.O. Box 7498
Alexandria, LA 71301
Ro 1and Smith
Funk Seed International
P.O. Box 7498
Alexandria, LA 71301
Marianne M. Burke
La. Dept. of Agriculture
State Seed Lab
Louisiana State University
Baton Rouge, LA 70816
Kenneth McClain
La. Dept. of Agriculture
H. D. Wilson Bldg . , LSU
Baton Rouge, LA 70893

Tammye 0. Smith
La. Dept. of Agriculture
State Seed Lab
Louisiana State University
Baton Rouge, LA 70816
Jack S. Burk, Jr.
Standard Seed Co.
Route 1, Box 77E
Jackson, LA 70748
Rona 1d E. Hagar
Terral-Norris Seed Co., Inc.
Box 826
Lake Providence, L~ 71254
R. W. McPherson
R. W. McPherson & Associates
P.O. Box 5011
Monroe, LA 71201
William J. Bill Rupp
Chevron Chemical Co.
6042 Morrison Road
New Orleans, LA 70126
11

11

Carl Krielow
Krielow Bros.
P.O. Box 591
Roanoke, LA· 70581
Robert Precht
Krielow Bros.
P.O. Box 591
Roanoke, LA 70581
Jerry Colvin
Boogaerts Bro. Seed
P.O. Box 94
Shreveport, LA 71161
T. C. Keffer

Boogaert Bro. Seed
P.O. Box 94
Shreveport, LA 71161
Cal Coker
Pressair Corp.
P.O. Box 1823
West Monroe, LA 71291
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Harry Hubenthal
Bancroft Bag
Box 307
West Monroe, LA

71291

MICHIGAN
Douglas Clark
Crippen Mfg.
P.O. Box 350
700 West End St.
A1rna, r~I 48801
Mike Erickson
Blount/Ferrell-Ross
1621 S. Wheeler St.
Saginaw, MI 48602
Mike Schumann
Blount/Ferrell-Ross
1621 S. Wheeler St.
Saginaw, MI 48602
Bi 11 Wa 11 ace
Blount/Ferrell-Ross
1621 S. Wheeler St.
Saginaw, MI 48602

Pete Brunson
Carter Day Co.
500 73rd Ave. NE
Minneapolis, MN 55432
Stephen L. Cashman
CEA Carter-Day Co.
500-73rd Avenue N.E.
Minneapolis, MN 55432
Gerald Greenbush
CEA Carter International, Inc.
500 73rd Avenue N.E.
Minneapolis, MN 55432
Sandra Veverka
Dave Fischbein Co.
2700 30th Avenue South
Minneapolis, MN 55406
Sandra D. P.i cha
Cleland International, Inc.
Rogers, MN 55374
Larry Opp
Stephen Seed House
Stephen, MN 56757

Charles Schulte
Jacques Seed Co.
Box 276
Stockbridge, MI 49285

Donald G. Lykken
Forsbergs, Inc.
P.O. Box 510
Thief River Falls, MN 56701

MINNESOTA

MISSISSIPPI

Rick Brandenburger
Sigco Research Inc.
Box 150
Breckenridge, MN 56520

Charles Hyatt
Bayou Seed Co.
P.O. Box 37
Alligator, MS 38720

Steve Kent
Sigco Research Inc.
Box 150
Breckenridge, MN 56520

Edward S. Guerry
Coker's Pedigreed Seed Co.
P.O. Box 236
Artesia, MS 39736

Gary Most
Jacques Seed Co.
19160 Li 11 ehei
Hastings, MN 55033

Randy Bledsoe
MFC Services
P.0. Box 116
Belden, MS 38826
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David Morgan
MFC AAL
P.0. Box 116
Belden, MS 38826

Lee Daughtry
Miss. Dept. of Agri. & Comm.
P.O. Box 1609
Jackson, MS 39205

Charles Ray
Farmers Elevator and Supply
P.O. Box 579
Belzoni, MS 39038

Chester Milner
MSIA
Drawer ~1S
Mississippi State, MS 39762

Eugene Antici
Big River Seed Co.
P.O. Box 867
Cleveland, MS 38732

Ronnie Pinnix
Delta & Pine Land Co.
Scott, MS 38772

Paul Guerry
Northrup-King Co.
Box 2254
Columbus, MS 39701
Tom Ho 11 owell
Grain Services, Inc.
P.O. Box 498
Como, MS 38619
George Rayfield
Grain Services, Inc.
P.O. Box 498
Como, MS 38619
Bi 11 Wa 11 ace
Wallace Farms
Como, MS 38619
Kenny Horton
Valley Chemical Co.
P.O. Box 1317
Greenville, MS 38701
Danny Edwards
Shipley Grain
P.O. Box 476
Greenwood, MS 38930
Bob Baird
Inverness Coop
Box 16
Inverness, MS 38753

John Williamson
Delta & Pine Land Co.
Scott, MS 38772
Blossie R. Boyd
USDA-Forest Service
Spring St., Ext.
P.O. Box 906
Starkville, MS 39759
Steve Gelvin
Gelvin Seed Service, Inc.
P.O. Box 558
Tunica, MS 38676
Jeff Pittman
Miss. Grain Services
P.O. Box 8
Valley Park, MS 39177
MISSOURI
Steven Bruckerhoff
USDA
Soil Conservation Service
P.O. Box 108
Elsberry, MO 63343
H. Wayne Richards
USDA
Soil Conservation Service
Plant Materials Center
P.O. Box 108
Elsberry, MO 63343
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Wayne Ruby
E. B. Gee Co.
P.O. Box E
Marston, MO 63866
Earnest Turner
E. B. Gee Co.
Risco, MO
NEBRASKA
Mr. & Mrs. Ray Anderson
J. C. Robinson Seed Co.
Waterloo, NE 68069
Mr. &Mrs. Al Behl
Golden Harvest
J. C. Robinson Seed Co.
Waterloo, NE 68069
Roger R. Berney
J. C. Robinson Seed Co.
Waterloo, NE 68069
Mr. &Mrs. Carol (Dutch) Graf
Golden Harvest Hybrids
J. C. Robinson Seed Co.
Waterloo, NE 68069
Steve Schmidt
J. C. Robinson Seed Co.
Waterloo, NE 68069
Rodney James
Jacques Seed Co.
Rt. 1, Box 22A
York, NE 68467
Norvin Pearce
Blount/York
912 Grant
York, NE 68467
NEW YORK
Gary P. Bockstedt
Stanford Seed Co.
1 George St.
P.O. Box 951
Binghamton, NY 13902

Joseph Butwin
Stanford Seed Co.
P.O. Box 366
560 Fulton Street
Buffalo, NY 14240
Steven Crispell
New York Seed Improve. Coop.
Box 474
Ithaca, NY 14850
Stephen Nagy
New York Seed Improve. Coop.
Box 474
Ithaca, NY 14850
Lynn Bretzloff
Joseph Harris Seed Co.
Moreton Farm
Buffalo Road
Rochester, NY 14624
Dave Waldo
Joseph Harris Seed Co.
Moreton Farm
Buffalo Road
Rochester, NY 14624
NORTH CAROLINA
Mike Baker
N. C. Crop Improvement Assn.
3709 Hillsborough
Raleigh, NC 27607
G. M. Jividen
Cotton Incorporated
4505 Creedmoor Road
Raleigh, NC 27612
NORTH DAKOTA
Dr. & Mrs. LeRoy A. Spilde
North Dakota State University
Casselton, NO 58012
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OHIO

OKLAHOMA

Mr. & Mrs. Jim Henderson
5054 Starpocket
Columbus, OH 43081

Raymond Lafever
Hobart Seed Co.
P.O. Box 811
Hobart, OK 73651

Mr. & Mrs. David L. Ballenger
Robinson Hybrids, Inc.
4796 Dildine Rd.
Delaware, OH 43015
Cary A. Bock
Bock Seed Farm
11627 Reid Rd., NW
Jeffersonville, OH 43128
Karl Krieger
Bock Seed Farm
11627 Reid Rd., NW
Jeffersonville, OH 43128
Carl Whitaker
Bock Seed Farm
11627 Reid Rd., NW
Jeffersonville, OH 43128
Roy Asbury
Ohio Soil Service, Inc.
17700 St.
Rt. 4
Marysville, OH 43040
Dana Fishbaugh
Ohio Soil Service, Inc.
17700 St.
Rt. 4
Marysville, OH 43040
Albert Shumaker
Sweet Mfg. Co.
Box 1086
Springfield, OH 45501
David G. Mark
Ag-One Seeds
648 Miami Trace Rd. SW
Washington Court House, OH 43160

Jerry Sullivan
Hobart Seed Co.
P.O. Box 811
Hobart, OK 73651
PENNSYLVANIA
David I. Roy
Agway Inc.
Seed Division
Box 526
Manheim, PA 17545
Joseph R. Layton
FMC Corporation
2000 Market Street
Philadelphia, PA 19103
SOUTH CAROLINA
Paul G. Johnson
Coker's Pedigreed Seed Co.
P.O. Box 340
Hartsville, SC 29550
Fred C. Mclaughlin
Coker's Pedigreed Seed Company
P.O. Box 340
Hartsville, SC 29550
Randy Strickland
Coker's Pedigreed Seed Co.
P.O. Box 340
Hartsville, SC 29550
TENNESSEE
Terry Griffin
Tennessee Farmers Co-op
Halls, TN 38040
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Dennis McCaslin
Tennessee Farmers Co-op
Halls, TN 38040
Jim Arnold
Progressive Farmer
5050 Poplar #1630
Memphis, TN 38157
Glen Callahan
Delta & Pine Land Co.
P.O. Box 77
Memphis, TN 38101
Fay Jack Durrant
Bancroft Bag, Inc.
3081 Rising Sun Rd.
Memphis, TN 38134
Virgil Harden
Harden Processing Equip. Sales
P.O. Box 18880
Memphis, TN 38118
Edd Sullivan
Hagan Mfg. Co.
Box 9307
Memphis, TN 38109
Joe Turner
Hagan Mfg. Co.
Box 9307
Memphis, TN 38109
David McKinney
Tenn. Crop Improve. Assn.
P.O. Box 11019
Nashville, TN 37211
Lester Venable
State of Tenn. Dept. of Ag.
Box 40627 Melrose Station
Nashville, TN 37203
Wi 11 i am Argo
Lake Co. Seed Co.
220 Depot
Ridgely, TN 38080

TEXAS
Mr. & Mrs. Darrell E. Markwood
Texas A&M Research Center
Rt. 7, Box 999
Beaumont, TX 77706
Bill Belous
Triple/S Dynamics
1031 S. Haskell Ave.
Dallas, TX 75223
Gary L. Billups
Gustafson, Inc.
P.O. Box 220065
Dallas, TX 75222
Charles Brown
Gustafson, Inc.
P.O. Box 220065
Dallas, TX 75222
Brad Carlson
Triple/S Dynamics
1031 S. Haskell Ave.
Dallas, TX 75223
Mr. & Mrs. William G. Hairston
Gustafson, Inc.
P.O. Box 220065
Dallas, TX 75222
Mick Raffety
Gustafson, Inc.
P.O. Box 220065
Dallas, TX 75222
Don C. Scott
Gustafson, Inc.
P.O. Box 220065
Dallas, TX 75222
Eddie Timmons
Gustafson, Inc.
P.O. Box 220065
Dallas, TX 75222
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Fred Ka 1ten berg
Kaltenberg Seed Farms
Rt. 2
5506 Highway 19
Waunakee, WI 53597
Kevin Statz
Kaltenberg Seed Farms
Rt. 2
5506 Highway 19
Waunakee, WI 53597
ARGENTINA
Eduardo Ocampo
Morgan
0
Las Heras 1666 - Piso 1
1018 Buenos Aires, Argentina
Jose Vigil
Morgan
0
Las Heras 1666 - Piso 1
1018 Buenos Aires, Argentina
CANADA
Peter McGregor
Kipp Kelly Ltd.
68 Higgins Ave.
Winnipeg, Manitoba
Canada R3B OA6
Dave McPhee
Kipp Kelly Ltd.
68 Higgins Ave.
Winnipeg, Manitoba
Canada R3B OA6
Mr. & Mrs. John G. Holland
Ciba-Geigy Seeds
115 John St.
Ailsa Craig, Ontario
Canada NOM lAO
Dave Robert
Hyland Seeds
P.O. Box 250
Blenheim, Ontario
Canada NOP lAO

HONDURAS
Roldan S. Nuila
Recursos Naturales
Direc. Agr. Regional
San Pedro Sula, Honduras
Ricardo Antonio Carrillo
Recursos Naturales
Apartado #309
Tegucigalpa, Honduras
Ricardo Cerrato
Recursos Naturales
Apto. 309
Tegucigalpa, Honduras
Otoniel Viera-Andrade
IICA-Honduras
Aptdo. 1410
Tegucigalpa, Honduras
MALAYSIA
H. F. Chin
Agronomy Dept.
Universiti Pertanian Malaysia
Serdang, Selangor
Malaysia
MEXICO
Ing. Rodolfo de Leon-Garcia
PRONASE
Calzada Saltillo 400 s/n
Apdo. Postal 584
Torreon, Coahuila
Mexico
Z.P. 27040
Ing. Sandra Luz Berumen-Gonzalez
PRONASE
Calzada Saltillo 400 s/n
Apdo. Postal 584
Torreon, Coahuila
Mexico
Z.P. 27040
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Armando Escamilla
Pioneer-Mexico
Apartado 226
CD. Satelite, Edo.
Mexico City 53100
Mexico
Angel Palafox
Amsac-Mexico
Hamburgo 49-2 Zona Rosa
Mexico City
Mexico

